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ff) (54) Title: SUBSTITUTED BENZOPYRANS AS SELBCmVE ESTROGEN RECEFTOR-BBTA AGONISTS 

(57) A1>stract: The present invention lelates to substituted benzopyran derivatives, stBieoisomErs, and phamiaceutical acceptable 
^ salts thereof and processes for the prepaialion of the same. The compounds of the present invention are useful as Estrogen Receptor 
^ P agonists. Such agonists axe us^l for tihe treatiog Estrogen Receptor P inediated diseases such as prostate cancer. 
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SUBSTTTUneD BENZOPYRANS AS SELECTIVE ESTROGEN 
RECEPTOR-BETA AGONISTS 

5 . BACKGROUND OF THE INVENTIQN 

The present invention relates to novel cycloalk^-benzopycans and derivatives 
thereof, compositions containing those compounds, dieir use as selective estrogen 
receptor-bet^ agonists, and their use in the treatment of estrogen receptor-beta mediated 
diseases such as prostate cancer, benign prostatic hyperplasia, testicular cancer, ovarian 

1 0 cancer, lung cancer, cardiovascular diseases, neurodegenerative disorders, urinary 
incontinence, central nervous system (CNS) disorders, gastrointestinal (GI) tract 
discnrders, and osteoporosis. 

Estrogens play important roles in the development and homeostasis of the 
reproductive, central nervous, skeletal, and cardiovascular systems of botibi males and 

15 females. The estrogen recq)tor(ER) is currently flie(mly member of the steroid 

sub&mily of nuclear receptors that has different subtypes. Recently, a new ER isoform, 
EE(.-beta (also known as ER-betal) was cloned fiom arat prostatic cDNA libraiy and is 
present in murine and human prostates. Consequently, the previous ER is now designated 
as ER-alpha. ER-alpha and ER-beta share bi£^ amino add homology, have similar 17-P 

2 0 Estradiol CB2) binding afSnities, and can hetero- or homodimeiize to form a signaling 

conqplex; Kuiper GO, et al., Endocrinol. 138: 863-70 (1997); Kuiper GO et al., Proc. NatL 
Acad. Sci. USA 93: S92S-30 (1996). Although E2 activates both ER-alpha and ER-beta, 
ER-alpha stimulates transcription and cellular proliferation, while ER-beta suppresses 
ER-alpha activation. Interestingly, 3-beta, H-beta-androstanediol and S-alpha-androstane 

2 5 have been proposed to be endogenous ligands for ER-beta; Weihua Z. et al. PNAS 98: 

6330-5 (2001). 3-Beta, 17-beta-androstanediol is amajor metabohte of 
dihydrotestosteione (DHT), the 5-alpha-reduced active intracellular androgen in male 
accessory sex organs. ER-beta activation also stimulates increased glutathione S- 
transferase and quinone reductase expression. These two ^izymes have been shown to 

3 0 possess chemoprotective detoxification properties; Oiang WY et al., Prostate 40: 1 15-24 

(1999); Montano MM et al., J. BioL Chem. 273: 25443-9 (1998). 
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Widi fhe recent identification of ER-beta, and Ihe lecognition tbat ER-alpha and 
ER-beta have different biological roles^ ER-selective modulators would similarly possess 
significant clinical utility. Since BR-beta is strongly cxptGss&d in a nmnber of tissues 
including prostate, bladder, ovary, testis, lung, small intestine, vascular endofiielium, and 
5 various parts of the brain, confounds that selectively modulate BR-beta would be of 
clinical importance in the treatment of a variety of disease conditions, such as prostate 
cancer, testicular cancer, ovarian cancer, lung cancer, cardiovascular diseases, 
neurodegenerative disoidos, urinary mcontinence, CNS disorders, GI tract disorders, and 
osteoporosis. Such conxpounds would have minimal efTect on tissues that contain ER- 

1 0 alpha, and thus exhibit diifercnt side-eflfect profiles. Thus, ER-beta agonists will display 
different therapeutic profiles compared to ER-alpha antagonists or agonists, and would be 
preferentially beneficial in tissues relying on ER-beta signaling. 

The prostate gland produces components that are fouiKi in the semra and blood. 
Some of these are regulatory peptides. The prostate gjland comprises stroma and 

15 epithelium cells^ the latter group consisting of columnar secretory cells and basal non- 
secretory cells. The proliferation of these basal cells, as well as stroma cells gives rise to 
benign prostatic hyperplasia (BPH), which is one common prostate disease. BPH is a 
progressive condition that is characterized by the nodular mlargement of the prostatic 
tissue resulting in obstroction of the uretbra. This results in ina:easedfi«quen(^ of 

2 0 urinatioioi, noncuria, po(»: urine stream, and hesitation or delay in starting the urine flow. 
Consequences of BPH can include hypertrophy of bladder smooth muscle, decompensated 
bladder, and increased incidence of urinary tract infection. The development of BPH is 
considered to be an inescapable phenomenon for flie aging male population. BPH is 
observed in ^^proximately 70% of males over the a^ of 70. Drug treatment for BPH 

2 5 currently employs alpha andrenecgjc antagonists for synq>tomatic relief or stm>id 5-alpha 

reductase inhibitors to reduce hypeaplastic tissue bulk. These q)proaches are of limited 
therapeutic benefit 

Mcxrtality due to prostatic cancer vifbm the strategem of watchfid waiting is 
adopted is generally low (9%-15%) in men who have localized tumors. However, these 

3 0 rates pertain to patients with localized disease; they do not necessarily apply to younger 

men at higher risk. Younger men witti stage Tla tumors have a longer projected period of 
risk than older men with tibe same stage of the disease and are therefore candidates for a 
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potentially curative treatmesat In studies of watchful waitings the higjbi rates of disease 
piogression (34%-80%) indicate that few dinically evident prostate 
canc^ are doimant. 



The preset invention relates to novel benzopyran derivatives of formula (Q: 




or derivatives of fbnnula n 



R\ R^, and R^ are each independently -H, Ci^ sUkyL, -OH, Ci-Q alkoxy, 

halo, amido or -CPs; ' 

R^ is hydrogqn or Ci-Ce aDcyl; 

Y', Y^, and Y^ aie each indqjendently -H or Ci-Ce alkyl; and G is -CH2-, -CHr 
CH2-, or -CH2-CH2-CHr; 
or a phannaceutically acceptable salt thereof. 



BRIEF SUNIMAR Y OF THE INVENTION 




(TO 



wherein 
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Compounds of the invention include tbe following, which should not be construed 
as in any way limiting the compounds included in ^ invention: 

a) t!:>2-(4-hydioxyphfinyl)-6-lrydroxys^ 
beozopyran 

b) Ci>2^4-hyd»xyphenyl>6-tiifluoio^ 
beozopyran 

c) Ci)"2'<4-hydroxyphenyl)-6-methyl-cyclop«i^^ 
benzopyran 

d) (^2''(4-hydroxyphenyl)-6-fluoroKq«5lopentyl[c]3,4^^ 
(i3-2*<4-hydroxyphen)d>5-hydioxy<yDlopentyl[o]3,4-^ 
benzopyran 

f) (4>2-(4-hydmxyphenji>7-hydroxyH:yclopcntyl[^^^ 
benzopyran 

g) CiD'-2-(4-hydioxyphenyl)-6-hydro}qr-8-methjd-^clopentyl[^^ - 
benzopyran 

h) (iO-2K4-bydroxyphenyl)-6-hydroxy-«ycIoheptyl[c]3,4^ 
benzopyran 

i) (±>2-<4-hydrox)phen3d>6-hydroxy-8-nictbo3^y^^ 
l^benzopyran 

j) Cf)-2<4-hydioxyphcn^)-6-hydroxy-1141-dimelhyl^ 

dihydio-2H"l-benzop>ran, 
k) (4>2'<4-hydix)xyphenyl)-6-hydioxy-1141'*e&)4-<^ 

2H-1 -benzopyran, 
1) Cl:)-2-(4-hydroxyphOTyl>6"mcfhoxy-cyclopentyl[c]3,4-^ 

benzopyian^ 

m) tl>2-(4-hydioxy-3-methylphenyl)-6-hydioxy<y^ 
benzopyran, 

n) (i)-2<2-methyl-4-hydroxyphenyl>6«hydroxy-cyclopeiit^ 
benzopyran, 

o) (±)-2<4-hydroxyphen)d>cyclopentjd[c]3,4-dihydro-2H'l-be^ 
p) CO-2-(4-hydroxyphenyl)-6-hydroxy-7-methyl-cyclopentyl[c]3^ 
benzopyran, 
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q) CiO-2-(4-hydioxyphenyl)^S-hydroxy^vcloh^^ 
benzopyraii, 

r) Ct)-2-<4-methoxyphmyl)-6-methoxy-^ydcq)e^ 

benzopytaOy 
s) (i)-2<<4-ammocailionylphen^)-6-aminocaA 

2H-l-be(Dzcqpynai, 
t) (i>2<4-ammocaifeon3dphenyl)-6-hyd^ 

benzopyiaiiy 
^) Ct)-2-(4-hydroxyphett3d>^anuncM^^ 

benzopyraD, 

v) (4)-2-<4-methoxyphenyl)-6-hydn)xy-cyclopentyi[^^ 
benzopyian, 

w) Ot>2-mettiyl-2-<4-hydroxyphenyl>6-hydroxy^ 
benzopyran, 

x) Ci)-2<thyl-2-(4-hy<iroxyphenyl>6-hydroxyKy 
benzopyran, 

y) (±>2-(l"methylethyl)-2-(4-hydroxyphenyl)-6-hydiox^^ 
dihydro-2H-l-benzopyran 
a pharmaceutically accq)table salt or etmtiomer thereof. 

In a second embodiment, the present invention provides a phannaceutical 
composition comprismg a ther^utically efTective amount of a compound of formula 0) 
and a pharmaceutically acceptable earner. 

In a further embodiment, the present invention provides medical methods of 
employii^ compounds formula (I) as a^nists of estrogen receptor C*BR*0 beta, fur&er 
utilized for the treatment of ER beta-mediated diseases such as prostate cancer, bmign 
prostatic hyperplasia, testicular cancer, cardiovascular diseases, neurodegenerative 
disorders, uiinaiy incontinence, central nervous system (CNS) disorders, gastrointestinal 
(01) tract disorders^ and osteoporosis* 
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PFTATT-N) DBscRipTiioy OF jm mvmm 

As used in this application: 

a) fh6teim''axmdo'*i€fe(r5toanaizu^^ 

b) thetenn"halo" refers to a fluorine atom» cUlorme atom, bi^^ 
5 iodine atom; 

b) tbetemi'^Ci-C6aIlQi" refers to a branched 

containing firotn 1 to 6 carbon atoms, such as methyl, ethyl, n-propyl> isopropyl, n-but3d, 
isobut^, sec butyl, t-butj4, pent^ hexyl, etc.; 

c) the term " CrQ alkoxy" refers to a straight or branched alkoxy groi^ 

10 containing fiom 1 to 6 carbon atoms, such as methoxy, etboxy, n-propoxy, isopropoxy, n- 
butoxy, isobutoxy, sec-butoxy, t-butoxy, pentoxy, hexoxy, etc; 

d) the designation ^^-^ ^ refers to a bond for which the stereochemistry is 
not designated; 

e) the designation " refers to a bond that protrudes forward out of the 
15 plane of the page; 

f) the designation ** ' " refers to abond that protrudes backward out of the 

plane of tibepa^; 

g) as used in ibc preparations and examples the following terms have the 
indicated meanii]^; '*ng" refers to nanograms; "Mg" refera to micrograms; "mg" refers to 

20 milligrams; "g" refers to grams; ^Icg" refers to kilograms; 'hunole" refers to nanomoles; 
''iiunor refers to millimoles; "mol" refers to moles; "]jlL** refers to microliters; '*mL** rofiars 
to milliliters; ''L" refers to liters; *'Rf " refers to retention factor, '^^C.** refers to degrees 
Celsius; "bp" refers to boiling point; "mm of Hg" refers to pressure in millimetBrs of 
mercury; "mp" refers to melting point; "dec" refers to decomposition; "[a]^D^" refer to 

2 5 specific rotation of the D line of sodium at 20^C obtained in a 1 decimeter cell; "c" refers 

to concentration in g^mL; "nM" refers to nanomolai^ "^M" refers to micromolar, "mM*' 
refers to millimolar, "M" refers to molar; ''K|" refers to iidubiton coiistant; '*Kd" refers to 
dissociation constant; '*psi** refers to pounds per square inch; "rpm** refers to revolutions 
per minute "HPLC" refers to hig|i performance liquid chromatogrqih^ "^HRMS" refers to 

3 0 hi^ resolution mass spectrum; *1'HP* refers to tetrahydrofuran; "bnne" refers to a 

saturated aqueous solution of sodium chloride; ^.0J>" lefets to loss on drying; "{JtCi^ 
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refers to microcuries; "i.p." refias to mto5>OTtoneall^ "i.v." refers to intravenously; and 
'13PM** refers to disintegrations per minute; 
h) by flie designation 



5 it is understood that the methyl is attached at the 1 -position and the substituent or 
substituents represented by R can be attached in any of the 2, 3^ 4, or 6 positions; 
i) the designation 

4 

refers to a phen;^ or substituted phenyl and it is und^stood that either substituent 
10 can be attached at any one of positions 1,2, 3,4, 5, or 6. It is further understood that 

when one of tiie substituents is attached at the 1-position the oflier substituent represented 
by R can be attached in any of the 2, 3, 4, S, or 6 positions, that when one of the 
substitaents is attached at the 2-position the other substituent represented by R can be 
attached in any of tiae 1, 3, 4, 5, or 6 positions, that when one of the substituents is 
15 attached at the 3-position the other substituent represented by R can be attached in any of 
the 1 » 2, 4, 5, or 6 positions, that v/hm. one of the substituents is attached at the 4-position 
the o&er substituent represented by R can be attached m any of tfae.l, 2, 3, 5, or 6 
positions, that when one of the substituents is attached at the S-position the other 
substituent represented by R can be attached in any of the 1 , 2, 3, 4, or 6 positions, and 
2 0 that when one of the substituents is attached at the 6-position the other substituent 
represented by R can be attached in any of the 1, 2, 3, 4, or S positions; 
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j) the nimbering system and iiaiim 
fonnula Q) and foimiila (D) are a» follows: 

wheieGis-CH2- 




cyclopentj4[c]3,4-dih]dio-2H-l-benzopy]m 
where Q is -CH2-CH2- 




cydohexyl[c]3,4-dihydio-2H-l-beDzq)yr^ 
where Q is -.CH2-€H2-CaH2- 



12 11 




cycloheptyltc]3,4-dihydn>-2H-l-benzopyran 

k) the term "enantiomeric excess" or "ee" refers to the percent by which one 
enantiomer, El, is in excess in a mixture of the two chantiomera. El plus E2, such diat 
{(E1.E2)+(E1+E2)}xl00=ee; 

The compounds used in flie me&od of the present invention may have one or more 
asynmnetiic centers* As a consequence of these chiral centers, the compounds of the 
present invention occur as racemates and as individual enantiomers, as well as 
diastereomers and mixtures of diastereom^. All asymmetric forms, individual isomers 
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aDdconibinBtioDs Aereot aiewitbmthes^^ The three main 

chiial centers, signified as 2, 3, and 4, are illustrated in formula (Q. The preferred relative 
stereochemistry of compounds of formula (Q is when chiial centers 2, 3, and 4 are all in 
fhe cis^nfiguFBtion, as demonstrated by formulae IB and IC below: 

5 




For the purpose of this invention, a compound designated ''IB racemic'* or 
racemic"*, or their structure, indicates araoemic structure of compound IB and IC. Also, 
10 for the purpose of this invention, a conq)ound designated *1D racemic" or 'TE racemic", 
or their structure as shown below, indicates a racemic structure of compound ID and IE. 




15 In order to preferentially prepare one optical isom^ over its enantiomer, a number 

of routes are available. As an example, a mixture of enantiomers may be prepared, and 
then the two enantiomers may be separated A commonly employed method for the 
separation of a racemic mixture is die use of chiral high pressure liquid chromatography. 
Further details regarding resolution of enantiomeric mixtures may be found in J. Jacques, 

20 et al., Enantiomers, Racemates, and Resolutions, (1991). The term '^harmaceutically 
acceptable salts thereof refi^ to either an acid addition salt or a basic addition salt 
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The ^qsression "phanDaceudcally acceptable acid addition salts" is intended to 
apply to any non-toxic organic or inorganic acid addition salt of the base compounds 
represented by fbrmula (J), ninstiative inorganic acids that foroi suitable salts include 
hydrochloric, hydrobromic, sulidiuric, and phosphoric acid and acid metal salts such as 
sodium monohydrogen orthophosphate, and potassium hydrogen sulfete. Illustrative 
organic acids that fonn suitable salts include Ihe mcmo-» di-, and tricarboT^c adds. 
Illustrative of such acids are for ocample, acetic, glycolic, lactic, pyruvic, malonic, 
succinic, ghitaric, fiimaric, maUc, tartaric, citric, ascorbic, maleic, hydroxymaleic, 
benzoic, hydroxy-benzoic, phenylacetic, dnnamic, salicyclic, 2-phenoxy^benzoic, p- 
toluenesulfonic acid, and sulfonic adds such as benzenesulfonic add, methanesulfonic 
add, and 2-hydroxyethanesulfonic acid. Such salts can exist in dther a hydrated or 
substantially anhydrous form. In general, the add addition salts of these compounds are 
soluble in water and various hydrophilic organic solvents, and which in comparison to 
their fiee base forms, generally demonstrate higher melting points. 

The expression "phannaceutically accqstable basic addition salts" is intended to 
Bpply to any non-toxic organic or inorganic basic addition salts of the contpounds 
represented by formula (I). Illustrative bases whicb form suitable salts include alkali 
metal or alkaline-earth metal hydroxides such as sodium, potassium, calcium, magnesium, 
or barium hydroxides; ammonia, and aliphatic, alif^ndic, or aromatic organic amines such 
as m^sylamine, dimefhylamine, trimeth^iamme, and picoline. Either the mono* or di- 
basic salts can be formed wiA those conq;)ounds. 

Preferred embodiments of formula Q are provided below: 

(1) Compounds in which £be dbiral centers designated as 2, 3 , and 4 axe all in ttie' 
cis-position; 

(2) expounds in which G is -CH2~^P'^f^i^^ 

(3) Compounds in wUdi and are bo th -H are prefened; 

(4) Compounds in whidi one ofRl and r2 is -OH are preferred; 

(5) Compoimds in which r3 is -H are preferred; 

(6) Con:Q>ounds in which yl is -Hare preferred; 

(7) Compounds in which one of and R^ is -OH and the other is -H are 
preferred. 
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-li- 
lt is undeistood that fuifher prefeired embodiments of fomxula (I) can be selected 
by lequiring one or more of fhe preferred embodiments above. For example, the 
limitations of (1) can be combined with fhe limitations of (2); the limitations of (3) can be 
combined mih the limitations of (4); the limitations of (1), (2), (3), (S), (6), and (7) can be 
5 combined; and the like. 

Another embodiment of ttie present invention ate conqjomids of the fonnula ni: 




in 

wherein 

10 Rlais-H.-OH,or-F; 

R2ais-.H,-CH3,or-OCH3; 
R3^is-Hor-CH3; 

G is ^2-» -<^2-<^2-* or -CH2-CH2-C3J2-; and 
or a pharmaceutically acceptable salt thereof. 

15 

Another embodiment of the present invention are compounds of the formula IV: 




m 

wherein 

2 0 Rlt* is amido or hydroxy; 

R2bis-B[,orC,<:fialkyi; 

R^bis-HorCi-CeaUqd; 

R^ is amido or hydroxy; and 
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G is -CH2-, -ClfcCIt-, -CH2CH2CHr; 
or a phannaceutically acceptable salt fbeieof. 

Illustrative examples of Hie compounds enconqiassed by the present invention 
include the lacemic mixtures and the specific enantiomers of the following compounds: 




racemic racemic 
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5 




laoemic 



10 




racemic lacemic 




raoemic lacemic 



15 
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Reaction Schemes 

Compounds of foimula (I) and intermediates thereof can be prepared as described 
in Reaction Schemes A through D below. All substituents, unless otherwise indicated, are 
previously defined. The reag^ and starting materials are readily available to one of 
ordinary skill in the art 
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As used herein, R^', R^', R^', and Y^' correspond to the substituents R^ R^, R^, and 
, respectively, except for when the R^ R^, and R^ substituents would be hydrojqr and 
the Y^ substituent would be -H (making tiie -O-Y^ group a hydroxy). Tn these cases, the 
corresponding hydroxy group is protected with an alkoxymcthyleflier, such as 
5 mcthoxymethyl Q'MOM') or mettioxyelhoxymethyl ("MBM"). 

hi reaction Scheme A, stqp la, the hydroxy groups on &e phenol of formula (2) 
are jnotected with a suitable protecting group to provide the protected phenol of formula 
(4)utili2jngtechniqpiesandpnK:eduies For 
example, the phenol of formula (2) is combined wilfa a suspension comprising a suitable 

10 anhydrous solvent such as an]qnhx>us dimetfaylformamide pMF) and a suitable strong 
base such as a metal hydride, most preferably sodium hydride. To this suspension is 
added an amount of alkoxyme^l ether chl<Hjde, preferably MOM-Cl, which corresponds 
to a roug^y eqmmolar amoimt depending on the number of hydroxy groups to be 
protected on the phenol of formula (2). The reaction may be conducted at room 

15 temperature for a time raiiging from about 30 minutes to about 2 days. The reaction is 
then quenched with water and an appropriate ether, such as diethyl ether or EtOAc, and 
the organic layer is washed wifli an appropriate base, such as sodium hydroxide or 
NaHCOj, and brine. The protected phenol of formula (4) may be isolated and purified by 
techniques well known in the art, such as extraction, evq)oratioii, trituration, 

20 cbromatogr^hy,andreaystaUization. 

In Scheme A, step lb, a 2-oxocycloalkanecarboxylate of formula (3) is activated 
via the triflate to provide the activated cycloalkane carboxjdate of formula (5) utilizing 
procedures and techniques well known in the art; G. T. Crisp et al., J. Org. Chem. 57, 
6972-6975 (1992). For example, a methyl-2-oxocycloancanecarboxylate of formula (3) is 

2 5 dissolved undea: anhydrous conditions in a suitable solvent, such as tetrahydioftran, 
dichloromethane, acetone, ethyl acetate, toluene, or diethyl ether and contacted with a 
suitable activating agent such as triflic anhydride. The reaction is carried out in die 
presence of a base, such as N-methylmoipholine, sodium carbonate, trietfa^amine, NJ^- 
diisopropylethylamine, potassium carbonate, sodium bicarbonate, pyridine and 2,6-di-tert*- 

30 bu^-4-methyl-pyridine. The reaction is i^ecaUy carried out at temperatui^ of from - 
78X to ambient tenqierature. Ooierally, the reactions reqinre 1 to 24 hours- The 
reaction may then be quenched The product of foimula (5) can be isolated and purified 
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by techniques well known in the art, such as extiacticn, evaporation, trituration, 
chromatography, and rectystallization. 

In Scheme A, step 2, the protected phenol of formula (4) is coi^led with the 
activated cycloalkane caibox j^ate of formula (5) to provide tihe coi^led product of 
5 formula (6). For example, the coupling reaction is conducted in the piesence of 

buQrllithiuin, tbxo chloride and a Pd species. The reaction is preferably canied out in a 
suitable solvent such as tetrahydrofuran (THF), and may initially be earned out under 
anhydrous condition. Preftatably, the protected phenol of formula (4) is dissolved in a 
suitable solvent such as THF, treated withbutyllithium ati^uced tenqpeiature, zinc 

1 0 chloride in solvent i s tiien added and the temp^ture allowed to ri se to ambient The 
palladium species, such as tetrakis(tripbenylphosphine)Pd(0), is added together witti tiie 
activated cycloalkane carbox}4ate of formula (S) and the tenqperature is preferably raised 
to the reflux temperature of the solvent for a period of time ranging from about 6 to 24 
hours. The coupled product of formula (6) can be isolated and purified by techniques well 

15 known in the art, such as extraction, evq>oration, trituration, chromatography, and 
lecrystallization. 

hi Scheme A, step 3, the coupled product of formula (6) is reduced with a suitable 
reducing agent to provide the reduced product of formula (7) utilizmg techniques and 
procedures well known in the art For example, tiie coupled product of formula (6) is 

2 0 contacted with a suitable reducing agent, such as a palladium species, prefaubly 5% or 
10% caifoon on palladium, in a suitable solvent or solvent mixture, such as methanol. The 
reaction is preferably canied out in the presence of a suitable base, such as a 
trialkylamine, more preferably, triethjiamine. The reaction mixture is flien heated to a 
temperature ranging &om about 30*^0 to about reflux for a period of time ranging fiom 

25 about 2 to 24 hours^ The reduced product of formula (7) can be isolated and purified by 
techniques well known in the art, such as extraction, ev^oration, trituration, 
chromatognphy, and rectystallization. 

In Scheme A, step 4, the reduced product of formula (7) can be converted to the 
Weinreb-amide of formula (8)» This reaction can be performed utilizirig a reactin of tiie 

30 type described by J. M. Wiffiams, et al.. Tetrahedron Letters 36, 5461-5464 (1995), For 
example, the reduced product of fbrmula (7) is combined witii N,0- 
dimethylhydroxyiamine hydrochloride m a suitable eiprotic solvent, such as 
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tetrahydrofuran, prefoBbly under anhydrous conditions and cooled to a temperatore 
ranging fixnn about O^C to about -SO'^C, more preferably about -lO^C A suitable 
Grignaid reagent, prefeably isopropyl magnesium chloride, is then added in a molar ratio 
of about 1.5 and reaction mixture is stirred for about 15 minutes to 2 hours. The reaction 
5 is fhm quenched with a proton source such as» for example, saturated ammonium 

chloride. The Weinreb-amide of formula (8) can be isolated and purified by techniques 
well known in Ifae art, such as €9ctraction» evapomtion, trituration, diromatography, and 
recrystallization. 

hi Scheme A, step 5, the Weinreb-amide of formula (8) is combmed with the aryl 

10 lifliium of formula (9) to form the ketone of formula (10). For example, the ar>d liftium 
of formula (9) is added to a solution of Weinreb-amide of formula (8) in a suitable orotic 
solvent, such as anhydrous THF, cooled to a tenq>erature ranging ftom about -20*'C to 
about 5*C, preferably OX, and stirred for a period of time ranging from about 1 5 minutes 
to 3 hours. The reaction is then quenched with a protQU source, such as, for example, 

15 saturated sodium bicarbonate. The ketone of formula (10) can be isolated and purified by 
techniques well known in the art, such as extraction, evaporation, trituration, chromato- 
graphy, and recrystallization. 

hi Scheme A, step 6a or 6b, tiie ketone of formula (10) is subjected to an add- 
catalyzed cyclization followed by reduction of the resulting hemiketal to provide a 

20 compound of formula (lA or lA*), which rq>resents the racemic mixture of a confound 
of formula (1). For example, in step 6a, p-toluenesulfonic acid is added in loug^y 
equimolar pniportions to the ketone of formula (1 0) in a suitable alcohol solvent, sudi as 
anhydrous methanol The mixture is then heated at a tenq)eraturerangiQgfi^40X to 
60X, preferably 50**C, for a period of time ranging ftom 1 2 to 24 hours, prefmbly 1 8 

25 hours. The reaction is then cooled to ambient tenipeial ur e and a suitable rcdocipg agent, 
such as sodium qwioborohydride, is added along with a suitable indicator sudi as 
bromocreosol green in a procedure similar to that described by A. Srikrishna, eL Al. , 
Tetrahedron, vol 51, no. 11, pp. 3339-3344, 1995. Meflxanol saturated with hydrochloric 
acid is then slowly added until a yellow color is maintained. The reaction is stirred for 

3 0 about 1 to 2 hours past the point of final ooIot diange. The reaction is then quenched 

with a suitable proton acceptor, such as saturated sodium bicarbonate. This set of reaction 
conditions for step 6a will result in a cis-configuration of flie chiral centers (p.g., those 
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conqwunds in IB or IC). The R3SiH/TFA conditions of step 6b will result in a trans- 
configuration of the chiial centers (e.g.> those compounds in K) or IE). The product of 
formula (lA) or (lA*) can then be isolated and purified by techniques well known in the 
art, such as eTctraction, evaporation, trituration, chromatography, and iecrj^rtallization. 

Alternatively, the coiq)led product of fonnula (6) may be synthesized as described 
in reaction Scheme B. All -substituents, unless otherwise indicated, are previously 
defined. The reagents and starting materials are readily available to one of ordinary skill 
in the art 

SCHEMPB 




Br 



NaH 




(11) a*ep1 

(5) 

In Scheme B, step 1, &e hydroxy groups on the faromophenol of formula (1 1) are 
protected with a suitable protecting group to provide the protected biomophoiol of 
formula (12) utilizing techniques and procedures as set forth m Scheme A, step la* 

In Scheme B, step 2, the protected brompphenol of formula (12) is coiq)led with 
the activated cycloalkane caiboxylate of fonnula (5) to provide the coi5)led product of 
fonnula (6) according the techniques and procedures set forth in Scheme A, st^ 2. 

An alternative melliod for providing specific bromo-substituted intennediates are 
provided in Scheme C. 
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HO^Br H3C-0^0^Br 0 

S^OH NaH. X ? XT CH 

Br . Br y^o-^O--^"^ 

CH, 



Additionally, specific compounds of formula (0 wherein is mefliyl can be 
prepared accoKliiigto Scheme D. 

SCHEMED 
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Additionally, amido conqpounds of fonmila (D) as shown in of fomralae (16) and 
(17) can be synQiesized as described in scheme B. All substituents, unless otiierwise 
indicated, aie previously defined. 




The reagents and starting materials are readily available to one of ordinary skill in 
the art In scheme E, step 1 , a dihydroxy of formula (13) can be converted to a mixture of 
the monotriflate of fonnula (14) and the ditriflate of formula (15). The resulting mixture 
can be separated using conventional chromatography. In scheme E, step 2> the 
monotriflate of fonnula (14) and the ditriflate of formula (15) arc cross coupled under 
palladium catalyzed carbon>1ation conditions with 14,13,3,3-hexametliyldisilylazane to 
afford carboxamides of formulae (16) and (17). 
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Additionally, flie amido of foimula (19) can be synthesized as described in scheme 
F. Msubstituents^imless otherwise iodcated, are 

SCHEMBf 




5 raoeinic 

The reagents and starting materials are readily available to one of ordinary skill in 
flie art £q scheme P, step 1, the dihydroxy of foraiula (1 3) can be selectively converted to 
the bcnzjd ether of formula (18), In scheme F, step 2, the remaining phenol is triflated, 
1 0 then immediately cross-coupled under identical conditions as scheme E, step 2. Finally^ . 
the bcnzjd group is removed to afford the caiboxamide of formula (19) sft&t HPLC 
purification. 
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Addifionally, con^)oiind8 where is Cj-Cg alky! can be preparBd as described in 
Scheme G. 

SCHEMBG 




5 

In Scheme G, fhe ketone of formula (10) is reacted with an alkyi oiganometallic 
reagent such as metihyl lithium or eth)d magnesium bromide to fonn tertiary alcohols of 
formula (20). Under the acidic omditions described in Scheme A, step 6a, the tcrtiaiy 
alcohols fbnn benzopyrans of formula (21). 

10 

ftpgpa^t^ofl I 




Stir a suspension of sodium hydride (60% in mineral oil, 3.81 g, 95.45 mmol) in 
15 anhydrous DMF (50 mL) under nitrogen atmosphere at O'^C and add a solution of 

hydroquinone (5.00 g, 45.45 mmol) in anhydrous DMF (50 mL) dropwise. Add to tins 
suspension methoxymeth)4 chloride (7.2 mL, 95.45 nmiol) dropwise with additional gas 
evolution noted. Allow the reaction to wann to ambient temperature and stir for one 
hour. (Quench the reaction with water and add diethyl ether. Wash the organic layer with 
20 IN sodium hydroxide and brine. Dry the organic layer over sodium sulfate, concentrate in 
vacuo» and flash cbromatograph with 20% ethyl acetate/hexane to yield Preparation 1 
(5.64 g, 63%) as a clear oil. NMR (CDCI3): 6.97 (s, 4H), 5.11 (s, 4H), 3.47 (s, 6H), 
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F 



Stir a suspension of sodium hydride (60% in mineral oil, 0.67 g, 16,67 mmol) in 
5 anhydrous DMF (25 mL) under nitrogen atmosphere at C^C and add a solution of a,cx»a- 
triflourometh)i-p-creosol (2.50 g, 15,1 5 mmol) in anhydrous DMF (25 mL) drop^dse. 
Add to this susfpension methoxymethyl chloride (13 mL, 16.67 mmol) dropwise, Allow 
the reaction to warm to ambient temperature and stir for one hour. Quench &e reaction 
with water and add diethyl ether. Washtheorganiclayer with IN sodium hydroxide and 
10 brine. Dry the organic layer over sodium sulfate, concentrate in vacuo, and flash 

chromatograph with 20% ethyl acetate/hexane to yield Preparation 2 (2.50 & 80%) as a 
clear oil. ^H.NMR (CDCI3): 125 (d, J = 8.6, 2H), 6.83 (d, J = 8.3, 2H), 4.93 (s, 2H), 3.19 
(s,3H). 

15 Preparations 




Stir a suspension of sodium hydride (60% in mineral oil, 0.89 g, 22.17 mmol) in 
anhydrous DMF (25 mL) under nitrogen atmosphere at 0*^C and add a solution of gualaool 

20 (2.50g;20J6 mmol) in anhydrous DMF (25 mL) dropwise. Add to this suspension 

methoxymethyl chloride (1.7 mL, 22.17 mmol) dropwise. Allow flie reaction to warn to 
ambient teniperature and stir for one hour, (^ench the reaction with water and add 
dietfiyl ether. Wash the organic layer with IN sodium hydroxide and brine. Dry the 
organic layer over sodium suliate, concentrate in vacuo, and flash chromatogrq)h with 

25 20% ethyl acetate/hexane to yield Pleparation 3 (2.22 g, 66%) as a clear oil. NMR 
(CDCI3): 6.97^.89 (m, 4H), 5.01 (s, 2H). 3.89 (s, 3H), 3.22 (s. 3H). 
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Stir a suspension of sodiiun hydride (60% in mineral oil, 0.41 g, 10.30 nunol) in 
5 anhydrous DAIF (2S niL) under nitro^ atmos|diere at O^C and add a soluticm of 2- 
bromo4-meth:^henol (2.50g, 14.71 mmol) in anhydrous DMP (25 mL) diopwise. Add 
to this suspension methoxymethyl chloride (0.78 niL» 1030 mmol) drppwise. Allow tibe 
reaction to wann to ambient tenqperature and stir for one how^ (Quench the reaction wilh 
water and add diethyl ether. Wash flie organic layer with IN sodium hydroude and hrine. 
1 0 Dry die organic layer over sodium sulfiEite, concentrate in vacuo, and flash chromatogrqih 
with 20% ethyl acetate/hexane to yield Preparation 4 (2.4S g, 72%) as a clear oil. 



Preparation 5 




15 

Stir a suspension of sodium hydride (60% in mineral oil, 0.58 & 14.40 mmol) in 
anhydrous DMF (25 mL) under nitrogen atmosphere at O^C and add a solution 2-taromo- 
4-flourophenol (2.S0g, 1 3.09 mmol) in anhydrous DMP (25 mL) dropwise. Add to this 
suspension medioxymethyl chloride (LI mL» 14.40 mmol) dropwise. Allow the reaction 

20 to warm to ambient temperature and stir for one hour. Quench the reaction with water 
and add diethyl ether. Wash the organic layer with IN sodium hydroxide and brine. Dry 
the organic layer over sodium sulfate, concentrate in vacuo, and flash chromatograph with 
20% eth>d acetate/hexane to yield Preparation 5 (2.71 g, 88%) as a clear ofl. NMR 
(CDCI3): 7.40^7.35 (^^ IH), 7.01-6,89 (m, IH), 6,85-6.79 (m. IH), 4S9 (s, 2H), 3.87 (s, 

25 3H). 
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Ptgparatione 




Stir a suspension of sodium hydride (60% in mineral oil, 1.90 g, 47,68 mmol) in 
5 anhydrous DMF (25 mL) under nitrog^ atmosphere at O^C and add a solution of 
resorcinol (2.50g, 22.70 mmol) in anhydrous DMF (25 mL) dropwise- Add to this 
suspension methoxymetbyl chloride (3.6 mL, 47.68 mmol) dropwise with additional gas 
evolution noted. Allow the reaction to warm to ambient temperature and stir for one 
hour. Quenchthereaction with water and add die&yl ether. Wash tbe organic layer with 
10 IN sodium hydroxide and brine. Dry the organic layer over sodium sul&te, concentrate in 
vacuo, and flash chromatogrsph with 20% ethyl acetate/hexane to yield Preparation 6 
(2.49 g, 55%) as a clear ofl. 'HNMRCCDQa): 7.20 (t, J*=8J, lH),6J4-6.68(m,3H), 
5.16 (s, 4H), 3.48 (s, 6H). MS calcd. 198.2; MS (M+1) 199.0. 




Stir a suspension of sodium hydride (60% in mineral 0]1> Lll g» 27.78 nmiol) in 
anhydrous DMF (25 mL) under nitrogqi atmosphere at O^C and add a solution of 4- 

2 0 bromoresorcinol (2.50g, 13.22 mmol) in anhydrous DMF (25 mL) dropwise. Add to this 
suspension methoxymefhyl chloride (2.1 mL^ 27.78 mmol) dropwise with additional g^ 
evolution noted. AUow the reaction to warm to ambient temperature and stir for one 
hour. Quench the reaction with water and add dieth^efh^. Wash the organic layer with 
IN sodium hydroxide and brine. Dry the organic layer over sodium sulfate, concentrate in 

2 5 vacuo» and flash chromatograph with 20% ethji acetate/hexane to yield Preparation 7 
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(2.46 g, 67%) as a dear oH NMR (CDCI3): 7.40 (d, J = 7.8, IH), 6.87 (d, J = 2.7, 
IH), 6.63 (dd. J = 2.7, 7:8, IH), 5.22 (s, 2H), 5.14 (s, 2H), 3.51 (s, 3H), 3.46 (s, 3H). MS 
calcd 277.12; MS (M+1) 277.2, 279.2. 

5 Prepaiatiott 8 




CH3 

Stir a suspension of sodium hydride (60% iapoinasl oil, 1.S8 g, 3921 mmol) in 
anhydrous DMF (SO inL) under nitro^ atmosphere at O^C and add a solution of 2,6- 

10 dibiomohydroquinone (S.OO g» 18.67 mmol) in anhydrous DMF (50 mL) dropwise. Add 
to this suspension methoxymefhyl chloride (3*0 mL, 39.21 mmol) dropwise with 
additional gas evolution noted Allow ffa^ reaction to wann to ambient traq^ecature and 
stir for one hour. Quench die reaction with water and add diethyl ether. Wash the organic 
layer with IN sodium l^droxide and brine. Diy the organic layer over sodium sul&te, 

1 5 concentrate in vacuo, and flash chromatograph with 20% ethyl acetate/hexane to yield 
Preparation 8 (3.49 g, 53%) as a clear oil. NMR (CDCI3): 7.23 (s, 2H), 5.10 (s, 4H), 
3.46 (s,6H). 



Preparat^9p9 



20 




Stir a suspension of sodium hydride (60% in mineral oil, 3.00 g, 74.92 mmol) in 
anhydrous DMF (SO mL) under nitrogen atmosphere at O^C and add a solution of 
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methoxy^ydioquinone (S.OO g, 35.67 mmol) in anhydrous DMF (SO mL) drapwise. Add 
to this suspensita methoj^ethyl chloride (5.2 mL, 74.92 mmol) dropwise with 
additional gas evolution noted. Allow the reaction to wann to ambient tempeiBtnie and 
stir for one hour, (^lench the reaction with wato: and add diethjd ether. Wash the organic 
layer with IN sodium hydroxide and brine. Dry the oiganic layer over sodhun sulfite, 
concentrate in vacuo, and flash chromatognqph with 20% eth^ acetate/bejcane to yidd 
Preparation 9 (5.84 g, 72%) as a clear oil. 'H NMR (CDOs): 7.05 (d, J -= 8.6, IH), 6.63 
(d, J - 2.7, IBO, 6.55 (dd, J = 9.0, 2.7, IB), 5.14 (s. 2H), 5. 12 (s, 2H), 3.86 (s, 3H), 3.51 
(s,3H), 3.47 (8,31^ 

Preparation ]Q 

CH3 

Stir a suspension of sodium hydride (60% in mineral oil, 3.54 88.61 mmol) in 
anhydrous DMF (100 mL) under nitrograi atmosphere at O^C and add a solution of 4- 
methoxyphenol (10,00 g, 80.55 mmol) in anhydrous DMF (50 mL) diopwise. Add to this 
suspension methoxymeth}d chloride (6.7 mL, 88.61 mmol) dropwise. Allow the reaction 
to warm to ambient temperature and stir for one hour. Quench the reaction with water 
and add diethyl ether. Wash the organic layer with IN sodium hydroxide and brine. Dry 
the organic layer over sodium sulfate, concentrate in vacuo, and flash chromatogr8q)h with 
20% ethyl acctate/hwtane to yield Preparation 10 (1 1,55 g, 85%) as a clear oil. 

Preparation 11 

To a suspension of hexane washed sodium hydride (60% in mineral oil, L64 ft 
68.2 mmol) ui anhydrous THF (70 mL) under a nitro^n atmosphere at room tempetatuie 
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was added a solution of 4-bromo-2-ciesol (10.6 S6.S mmol) plus methoxymefhyl 
bromide (5.6 niL» 68.2 mmol) in anhydrous THF (30 wL) dropwise. Ailer stirring 18 h, 
the mixture was partitioned between dilute sodium bicarbonate aqueous and dieth^ether. 
The organic layer was washed mfh water and brine, dried over anhydrous sodium sulikte, 
5 concentrated in vacuo to yield Preparation 1 1 (12.74 g, 97%) as a clear oil. 



M in cjdcohexane, 2.10 ml^ 2.81 mmol) dropwise* Stir flie sohition for IS minutes, then 
add methyl iodide (0.18 mL, 2.81 mmol) and stir overnight^ allowing to warm to ambient 
temperature. Qaench with saturated sodium bicarbonate and add ethyl acetate. Wash 
with brine, dry the organic layer over sodium sul&te, concentrate in vacuo, and flash 



15 chromatograph wiOx 10% ethyl acetate/hexane to yield Preparation 12 (0.66 g, 81%) as a 
clear oil. NMR (CDQa): 7.12 (d, J = 2.9, IH), 6.83 (d, J = 2.9, IH), 5.10 (s, 2H), 5.04 
(s, 2H), 3.63 (s> 3H), 3.48 (s, 3H). 2.30 (s, 3H). MS calcd 291.1; MS (M+1) 291.2, 293.2. 



Ptenaiation 12 




Cool a solution of Preparation 8 (1 .00 g» 2.81 mmol) to -78^C and add s-BuIi (1.3 



Preparation ^3 



20 




'3 



This preparation was followed according to J. Org. Chem. 57, 1992, 6972-6975, 
Stir a solution of method 2-oxocylcopentBnecarboxyIate (10.0 g, 70.42 mmol) in 
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anhydrous dicbloromelhane (300 mL) cooled to ~78**C and add diisopiopyleaQdaniiDe 
(61.5mU 352.1 mmol) and tiiflic anhydride (14.2 niL, 84.51 mmol). Stir «heteacti(»i was 
stir for 16 hours, allowing it to warm to ambi«it teinperaturB. Quench the reaction with 
water and wash with 10% citric acidfollowed by fatine. Dry tiie organic layer over 
sodium sul&t^ concentrate in vacuo, and flash chromatograph with 15% e&yl 
acetate/hexane to yield Preparation 13 (12.0 g, 63%) as a daik oil which is used wifiiout 
fortherpurification. 'HNMR (CDCI3): 3.79 (s, 3H), 2.75-Z68 (m, 4H), 2.03-1.98 (m, 
2H). 

Preparation ^4 




Using a method similar to tiie preparation of Preparaticm 13, with an exception of 
using me&iyl 2-oxo-l-cycloheptanecarbox]date (5.00 g, 29.37 mmol) to yield Preparation 
14 (4.34 g, 49%) 88 a daik oil 

Preparation IS 



? 



CH3 



Stir a solution of metfayi 2-oxo-5,5-dtQieth3d-cyclopentanecarboxy]ate (J. Chem. 
20 Soc., 1996, 1539-1540) (0.85 g, 5.00 mmol) in anltydious dichloromethane (15 mL) 
cooled to -78''C and add diisopropjiefliylamine (4.4 mL, 25.00 mmol) and tiiflic 
anhydride (1 .0 mL, 6.00 mmol). Stir the reaction was stir for 1 6 hours, allowing it to 
warm to ambient ten:q)erati]re. Quench the reaction wilJi water and wash widi 1 0% citric 
add followed by brine. Diy the organic layer over sodium sul&te, concentrate in vacuo. 
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axul flash chromatographiTidth 15% efhyl acetate/h»aiie to yield Ptepaxation 15 (L16 g, 
77%) as a daik oil whidi is used wittiout further purification. NMR (CDCI3): 3.78 (s, 
3H), 2.64 (t, J - 7.1, 2H), 1.83 (t, J = 7.1, 2H), 1.18 (s, 6H). 



Stir a solution of methyl 2-oxo-5,5-diethyl-cycIopentanecaiboxylate (J. Chenou 
Soc., 1996, 1539-1540) (2,94 g, 14.85 imnol) in anhydrous dichloromethane (100 mL) 

1 0 cooled to -78^C and add diisopropylethylamine (1 3.0 mL, 74.25 mmol) and triflic 

anhydride (3.0 mL, 17.82 mmol). Stir the reaction was stir for 16 hours, allowing it to 
warm to ambient temperature. Quench the reaction wifli water and wash with 10% citric 
acid followed by brine. Diy the organic layer over sodium sul&te, concentrate in vacuo, 
and flash chromatograph with 15% ethyl acetate/hexane to yidd Preparation 16 (3.96 g, 

15 82%) as a daric oil which is used without further purificatioa NMR (CDGa): 3.78 (s. 



3H), 2.60 (t, J = 7.4, 7.8, 2H), 1 .83 (t. J « 7.8, 7.1, 2H), 1.46 (q, J = 7.4, 7.4, 7.4, 4H), 
0.91 (t, J ^7.4, 7.4, 6H). 



Preparation 16 




'3 



Preparation 17 




Cool a solution of Fr^aration 1 (0.95 g, 4.81 mmol) in anl^^us THF (25 mL) 
to -78**C and add t-BuLi (L7M in pentane, 2.8 mL, 4.81 mmol). Stir the solution 15 
minutes, then warm to O^C. Add a sohition of zinc chloride (1.0 M in diethyl ether, 4.8 
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mL, 4.81 imnol) dropwise and allow the resxilting solution to wann to ambient 
temperature. Cannulate this solution into a solution of Preparation 13 (0.88 & 3.21 
mmol) and tetiakis(triphenylphosphine)Pd(0) (0.37 g, 0.32 mnuA) in anhydrous THF (25 
mL) and heat the resulting solution to SO^C for 16 houis. Cool flie reaction to ambient 
tempetatore and quench with water. Add ethyl acetate and wash the resulting oi^c 
layer with saturated sodium bicarbonate and brine. Dry the oiganic layer over sodium 
sulfate, concentrate in vacuo, and flash duomatograph wifli 30% etii}4 ac^ate^heotane to 
yidd Preparation 17 (0.56-g, 55%) as a dear oil. 'H NMR (CDCb): 7.04 (d. J «» 9.0, IH). 
6.90 (dd, J = 3.1. 9.0, IH), 6.81 (d, J = 3.1, IH), 5.10 (s, 2H), 5.02 (s. 2H), 3.56 (s, 3H), 
3.46 (s, 3H). 3.42 (s, 3H). 2.80 (t, J = 8.6, 8.2, 4H), 2.05-1.95 (m. 2H). MS calcd 322.2; 
MS (M+1) 323.1, 



Preparation 




Cool a solution of Preparation 2 (2J0 g, 12.14 mmol) in anhydrous TEIF (40 mL) 
to -78"C and add t-BuU (1.7M in pentane, 7.9 mL, 13.35 mmol). Stir flie solution 15 
minutes, then warm to 0»C. Add a solution of zinc chloride (1.0 M in diethyl etiier, 12.1 
mL, 12.14 mmol) dropwise and allow the resulting solution to warm to ambient 
ten^erature. Cannulate tiiis solution into a solution of Preparation 13 (3.32 g, 12.14 
mmol) and tehakis(triphenylphosphine)Pd(0) (0.70 g, 0.61 mmol) in anhydrous THF (40 
mL) and heat the resulting solution to 50«'C for 1 6 hours. Cool tiie reaction to ambient 
tenq)eiature and quench with water. Add ethjd acetate and wash the lesulti^ orgwic 
layer witii saturated sodium bicarbonate and brine. Diy tiie organic layer over sodhui 
sulfate, concentrate m vacuo, and flash chromatognqph wifli 15% eth^ acetate/hexane to 
yidd Prqwration 18 (2.87 g, 72%) as a clear oil. 'H NMR (CDCI3): 7.49 (dd, J = 1.9, 8.2, 
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IH), 7.37 (d, J = 2.3, IH), 7.20 (d, 8.6, IH), 5.16 (s, 2H), 3.55 (s, 3H), 3,43 (s, 3H), 2.80 
(t, J « 7 A 7,8, 4H), 2.06-1.98 (m, 2H)- MS calcd 330.1; MS (M+1) 331.1. 



Prepayation 19 



5 




Cool a solution of Prq>aiatioii 6 (2.49 g» 12.57 mmol) in anhydrous THF (25 mL) 
to -78''C and add t-BuIi (1.7M in pentane, 7.4 ml^ 12.57 mmol). Stibr ttie solution 15 
minutes, then wann to O^C. Add a solution of zinc chloride (1.0 M in diethyl ether^ 12.6 

1 0 njL, 1 2.57 mmol) dropwise and allow the resulting solution to wami to ambient 
temperature. Cannulate this solution into a solution of Preparation 13 (2.30 g> 8.38 
mmol) and tetrakis(triphenylphosphine)Pd(0) (0.48 & 0.41 mmol) in anhydrous THF (25 
mL) and heat the resulting solution to 50^*0 for 16 hours. Cool the reaction to ambient 
temperature and quench with water. Add eth}4 acetate and wash the resulting organic 

15 layer with saturated sodium bicarbonate and tnine. Diy the organic layer over sodium 
sulfate, concentrate in vacuo, and flash chromatogn^h witii 20% ethyl acetato/hexane to 
yield Preparation 19 (L70 & 41%) as a colorless oil NMR (CDOa): 7.15 (t, J = 8.2, 
8.6, IH), 6.78 (d, J «=8.2, 2H), 5.09 (bs, 4H), 3.52 (s. 3H), 3.42 (s, 6H), 2.83-2.77 (m, 4H), 
2,04-1.99 (m, 2H). MS calcd 322.1; MS (M+1) 323.1. 

20 
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fteparat^o^?0 



H. 




Cool a solution of Preparation 1 (2.00 g» 10.13 xnmol) in anhydrous THF (25 mL) 
5 to-78^Candaddt-BuIJ(1.7Mmpentane,5.9mU10.13n]mol> 

minutes, then wann to O^C. Add a solution of zinc chloride (1 .0 M in diethjd ettiKr, 10.1 
mL, 1 0.1 3 mmol) dropwise and allow the resulting solution to wann to ambient 
teti^)eratuie. Cannulate this solution into a solution Preparation 14 (2.04 g, 6.75 mmol) 
and tetrakis(triphenylphosphine)Pd(0) (0*40 g, 0.34 mmol) in anhydrous THF (25 mL) 
1 0 and heat the resulting solution to S0°C for 1 6 hours. Cool the reaction to ambient 
tempemture and quench mih water. Add ethjd acetate and wash the resulting organic 
layer with saturated aodium bicarbonate and brine. Dry the organic layer over sodium 
sulfate, concentrate in vacuo, and flash chromatogrs^ with 20% etiiyl acetate/hexane to 
yield Prepaiation 20 (2.13 & 90%) as a colorless oil. NMR (CDCI3): 6.$8 (d, J = 9.0, 
15 IH, 6,85 (dd. J== 3.1. 9.0, IH), 6.65 (d, J« 3.1, IH), 5.10 (s, 4H), 3.45 (s, 3H), 3.44 (s, 
' 3H), 3.38 (s, 3H), 2.56-2.50 (m, 4H), 1.84-1.80 (m, 2H), 1.65-1.60 (m, 4H). MS calcd 
350.1; MS CM+1) 351.1. 
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'3 



0^0 



? 

CK 



'3 



Cool a solution of Preparation 9 (2.18 g, 9.56 mmol) in anhydrous THF (40 mL) 



5 to -TS^'C and add t-BuLi (1.7M in pentane, 6.2 mL, 10.52 mmol). Stir the solution 15 
minutes, then wami to O^C. Add a solution of zinc chloride (1.0 M in diethyl ether, 9.6 
mL, 9.56 mmol) dropwise and allow the resulting solxition to warm to ambient 
temperature. Cannulate this solution into a solution of Preparation 13 (2.62 g» 9.56 
mmol) and tetrakis(triphenylphosphine)Pd(0) (0.55 g, 0.48 mmol) in anhydrous THF (40 
1 0 mL) and heat the resulting solution to 50^C for 16 hours. Cool the reaction to ambient 
temperature and quench with water. Add ethyl acetate and wash the resulting organic 
layer with saturated sodium bicarbonate and brine. Dry flie organic layer over sodium 
sul&te, concentrate in vacuo, and flash cbromatogr^h with 20% ethjd acetate/hexane to 
yield Preparation 21 (0.62 g, 18%) as a colorless oiL NMR (CDCI3): 6.57 (d, J » 2.7> 



15 IH), 6.40 (d, J = 2.7, IH), 5.1 1 (s, 2H), 4.89 (s. 2H). 3.81 (s, 3H), 3,58 (S, 3H), 3.47. (s, 
3H), 3.44 (s, 3H), 2.83-2.77 (m, 4H), 2.03-1.96 (m, 2H). MS calcd 352.1; MS (M+1) 
353.1. 



Preparation 22 




- Cool a solution of Preparation 1 (1.13 g, 5.71 mmol) in anhydrous THF (40 mL) 
to -78''C and add t-BuU (1 .7M m pentane, 3.4 mL, 5.71 mmol). Stir the solution 1 5 
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miimtes, then warm to O^C. Add a solution of zino chloride (1 .0 M in diethjd eiher^ 5.7 
mL, 5.71 mmol) dropwise and allow the resulting solution to wann to ambient 
temperature. Cammlate this solution into a solution of Preparation 15 (1.15 3.80 
mmol) and tetiakis(tiiplienylphosphine)Pd(0) (0.5S g» 0.48 mmol) in anhydrous THF (40 
5 mL) and heat the resulting solution to 50X for 16 hours* Cool the reaction to ambient 
tenq)erature and quench with water. Add ctliylaeetate and wash the resulting organic 
layer with saturated sodiuna Ucaibonate and Dry the organic layer ov^ sodium 
sul&te, concentrate in vacuo, and flash chromatogr^h with 15% ethyl acetate/hexane to 
yield Prepaiation 22 (0.42 g, 32%) as a coloiless oil. *H NMR (CDCh): 7.05 (d, J = 9.0, 
10 IH), 6.92 (dd, J = 3.1, 9.0, IH), 6.62 (d, J ^ 3.1, IH), 5.11 (S, 2H), 5.01 (s, 2H), 3.49 (s, 
3H), 3.46 (s, 3H), 3.40 (s, 3H), 2.70 (t, J = 7.0, 7.4, 2H), 1.86 (t, J = 7.4, 7.0, 2H), 1.59 
(bs, 6H). MS calcd 350.1; MS (M+1) 351.1. ^ 




Cool a solution of Preparation 1 (3.64 g, 1 8.38 mmol) in anhydrous THF (50 mL) 
to -78''C and add t-BuLi (1.7M in pentane, 3.4 mL, 5.71 mmol). Stir Ae solution 15 
minutes, then warm to O^C. Add a solution of zbc chloride (1.0 M in diethyl eOier, 10.8 

2 0 mLi 1 8.38 mmol) dropwise and allow the resulting solution to warm to ambient 
temperature. Cannulate this solution into a solution of Preparation 16 (3.96 g, 12.25 
mmol) and tetrakis(triphenylphosphine)Pd(0) (0.71 g, 0.61 mmol) in anhydrous THF (SO 
mL) and heat the resulting solution to 50 C ior 16 hours. Cool tiie reaction to ambient 
temperature and quench with water. Add eth^ acetate and wash the resulting organic 

25 layer with saturated sodium bicaibonate and brine. Dry the organic layer ov^ sodium 
sul&te, concentrate in vacuo, and flash chromatograph with 1 5% ethyl acetate/hexane to 
yield Preparation 23 (3,30 g, 84%) as a coloriess oil NMR (CDCI3): 7.05 (d, J = 9.0, 
IH), 6.89 (dd, J - 3.1, 9.0, IH), 6.62 (d, J - 2.7, IH), 5.1 1 (a, 2H), 5.00 (s, 2H), 3.49 (s, , 
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3H), 3.46 (s, 3H), 3.40 (s, 3H), 2.65 (bt, J = 7.8, 7.0, 2H), 1.87 (t, J = 7.8, 7.4, 2H), 1.45- 
138 (m. 4H), 0.90-0.82 (m, 6H). MS calcd 378.1; MS (M+1) 379.1. 



PrepaiatiQii24 



5 




Cool a solution of Prcparation 4 (2.43 g, 10.51 mmol) in anhydrous TEDP (25 mL) 
to -78**C and add s-BnLi (1 .3M in cyclohexane, 8.9 mL, 1 1 .56 mmol). Stir the solution 
15 minutes, then warm to O^C. Add a solution of zinc chloride (1.0 M in diethyl ether, 

10 lO.S 1 mL, 10.5 1 mmol) diopwise and allow the resulting solution to warm to ambieut 
temperature, Cannulate this solution into a solution of Preparation 13 (2.88 g, 10.51 
mmol) and tetrakis(triphen)4phosphine)Pd(0) (0.60 g, 0.52 mmol) in THF (25 mL) and 
heat the resulting solution to 50^C for 1 6 hours. Cool the reaction to ambient tenqierature 
and queach with water. Add ethyl acetate and wash the resulting organic layer with 

15 saturated sodium bicarbonate and brine. Dry the organic layer over sodium sul&te, 
concentrate in vacuo, and flash ehromatogrs^h with 20% ethyl aoetate/hexane to yield 
Preparation 24 (1 .07 g, 26%) as a pale yellow oil. NMR (CDQa): 7.05 (bs, 2H), 6.95 
(bs, IH), 5.10 (s, 2H), 3.59 (s, 3H), 3.48 (s. 3H), 2.85 (t. J ^ 7.0, 7.0. 4H). 2,32 (s. 3H), 
2.06-1.99 (m, 2H)- MS calcd 276,1; MS (M+1) 277.1. 



20 
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Ptepaiaticiii 25 




Cool a solution of Preparation 5 (2.60 g, 1 1 .06 mmol) in anhydrous THF (25 mL) 
5 to -VS'^C and add s-BuIi (13M in cyclohexane, 93 mL, 12.16 nunol). Stir die solution 
IS minutes, then warm to O^C. Add a solution of zinc chloride (1 .0 M in diediyl ether, 
1 1 .0 wLf 1 1 .06 mmol) dropwise and allow the resulting solution to warm to ambient 
tenoperature* Caimulate this solution into a solution of Prq)aiation 13 (3.03 g, 1 1 .06 
mmol) and tetraIds(triphenylphosphine)Pd(0) (0.63 g, 0.50 mmol) in TBDF (25 mL) and 

10 heat the resulting solution to 50°C for 16 hours. Cool the reaction to ambient tenq>erature 
and quench with water. Add ethyl acetate and wash the resulting organic layer with 
saturated sodium bicarbonate and brine. Dry the organic layer over sodium sulfate, 
concentrate in vacuo, and flash chromatograph with 15% ethyl acetate/hexane to yield 
Preparation 25 (L49 g, 48%) as apale yellow oil. NMR (CDQa): 7.07-7.04 (m, IH), 

15 6.93-6.90 (m, IH), 6.82 (dd, J ^ 3.1,9.0, IH), 5.05 (s,2H), 3.56 (s, 3H), 3.42 (s, 3H), 2.82^ 
2.78 (m, 4H), 2.03-1.96 (m, 2H), MS calcd 280.1; MS (M+1) 281.1. 



PreDaiation26 




Cool a solution of Preparation 7 (2.46 g, 8.88 mmol) in anhydrous THF (25 mL) 
to -78^C and add s-BuLi (1.3M in cyclohexane, 6.8 mL, 8.88 mmol). Stir the solution 15 



0 
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minutes, flien -wmn to Q^C, Add a solution of zinc chloride (1 .0 M in dieflbyl ether, 8.9 
mL, 8.88 mmol) dropwise and allow the resulting solution to warm to ambient 
temperature. Camiulate tins solution into a solution of Preparation 13 (1.60 g, S.86 
mmol) and tetrsdds(triphenylphosphine)Pd(0) (0.51 & 0.44 mmol) in THF (25 mL) and 
5 heat the resulting solution to 50°C for 16 hours. Cool the reaction to ambient temperature 
and quench with wat^. Add efhyl acetate and wash the resulting organic layer with 
saturated sodium bicarbonate and brine. Dzy flie organic layer over sodium suliate» 
concentrate in vacuo, and flash chromatogn^h with 20% ethyl acetate/hexane to yield 
Preparation 26 (1,20 g, 42%) as a colorless oil, *H NMR (CDa3): 7.05 (d, J = 8.6, 11^, 
10 6.81 (d, J = 2.0, IH), 6.69 (dd, J ^ 2.3, 8.6, IH), 5.15 (s, 2H), 5.09 (s, 2H), 3.58 (s, 3H), 
3.48 (s, 3H), 3.43 (s, 3H), 2.79 (t, J = 7.0, 7.4, 4H), 2.04-1.95 (m, 2H). MS calcd 322.2; 
MS (M+1) 323.1. 



Preparation22 




Cool a solution of Preparation 12 (1J24 g, 4.26 mmol) in axihydrous TEIF (20 mL) 
to -78^C and add s-BuIi (1 .3M in cyclohexane, 3.3 ml^ 4.26 mmol). Stir the solution 1 5 
minutes, thra warm to O^C. Add a solution of zinc chloride (1 .0 M in diefh^ eflier, 4.3 

2 0 mL, 4.26 nmiol) dropwise and allow the resulting solution to warm to ambient 

temperature. Cannulate this solution into a solution of Preparation 13 (1 .17 g, 4.26 
mmol) and tetrakis(triphenj^phosphine)Pd(0) (0.24 g, 0.21 nmiol) in THF (20 mL) and 
heat the resulting solution to 50^C for 1 6 hours. Cool the reaction to ambient tenq>erature 
and quench with water. Add ethyl acetate and wash the resulting organic layer with 

25 saturated sodium bicarbonate and brine. Dry the organic layer over sodium sul&te, 
concentrate in vacuo, and flash chromatograph with 20% eth)i acetate/hexane to yield 
Preparation 27 (0.54 g, 38%) as a coloriess oil. NMR (CDOa): 6.80 (d, J = 2.4, IH), 
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6.61 (d, J = 23, IH), 5,09 (s, 2H), 4.79 (g. 2H), 3.57 (s, 3H), 3.48 (s, 3H), 3.46 (s, 3H), 
2.83-2.76 (m, 4H), 2.29 (s, 3H), 2,02-1.96 (m, 2H). MS calcd 336.2; MS (M+1) 337.2. 



Cool a solution of Prepaiation 10 (2.00 g, 1 1.90 nrniQl) in anhydrous THF (20 mL) 
to -78'*C and add s-BuIi (1 .3M in cyclohexane, 7.7 mL, 13.09 nunol). Stir the solution 
IS minutes, then warm to O^C. Add a solution of zinc chloride (1.0 M in diethji ether, 
1 1.9 mL, 1 1 .90 mmol) diopwise and allow the resulting solution to wann to ambient 

10 temperature. Cannulate this solution into a solution of Preparation 13 (3.26 g, 1 1 .90 
mmol) and.tetrakis(triphenylphosphine)Pd(0) (0.69 g, 0.58 mmol) in THF (20 mL) and 
heat the resulting solution to 50°C for 1 6 hours. Cool the reaction to ambient temperature 
and quench witibi water. Add ethyl acetate and wash the resulting organic layer with 
saturated sodium bicarbonate and brine. Dry the organic layer over sodium sulfate, 

15 concentrate in vacuo, and flash chrotnatograph with 20% ethyl acetate/hexane to yield the 
title compound (1.28 g, 38%) as a colorless oil, which is a mixture of regioisomers by 
miR. MS calcd292.1: MS (M+1) 293.L 



Preparation 28 




'3 



PrBDaration29 




racemic 



To a suspension of 5% palladium on carbon (0.27 g) in methanol (1 5 mL) add a 
solution of Prq)aration 17 (0.27 g, 0.84 rnmol) in meOianol (10 mL). Place the mixture 
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<m a Pair shaker under bydtogea(tiOpsi) at 40**Cfbrtwdve hours. Purge the reaction 
with nitrogen and filter witiicelite. Concentrate Hie fijlrate in vacuo and flash 
chromatogr^h wi& 30% acetate/h^cane to yield Preparation 29 (0.20 g, 7S%) as a 
clear oiL 'H NMR (CDCfe): 6.98 (d. J = 8.6, IH), 6.86 (d. J - 3.1, IH), 6.81 (dd, J = 3.1, 
9.0. IH), 5.1 (8, 2H). 5.08 (s, 2H), 3.64-3.59 (m, IH), 3.50 (s, 3H), 3.45 (s, 3H5, 3.39-3.30 
(m. IH). 3.19 (s, 3H), 2.12-1.98 (m, 4H), 1.93-1.82 (m, IH), 1.72-1.63 (m, IH). MS calcd 
324.2; MS (M+1) 325.2. 



To a suspension of 5% palladium on carbon (0. 1 9 g) in methanol (50 
mL)/triefli}4aniine (1 .0 mL) add a solution of the compound of Pteparation 18 (1.S1 g, 
4.58 mmol) in methanol (10 mL). Place die mixture on a Parr shaker under hydrogen (60 
psi) at 40°C for twelve hours. Purge the reaction wifli nitrogen and filter with celite. 
Concentrate the filtrate in vacuo and flash chromatograph with 30% eth}4 acetate/hexane 
to yield Preparation 30 (0.95 g, 63%) as a clear oil. 'H NMR (0X33): 7.42 (m, 2H), 7.15 



(d, J = 9.0, IH), 5.26 (s, 2H), 3.65-3.62 (m, IH), 3.51 (s, 3H), 3.35-3.31 (m, IH), 3.15 (s, 
3H), 2.16-2.00 (m, 4H), 1.90-1.86 (m, IH), 1.70-1.68 (m, IH). MS calcd 332.1; MS 
(M+1) 333.1. 



Preparation 30 




fH3 



racemic 
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racemic 



5 To a suspensioa of 5% palladium on carbon (0.13 g) in methanol (SO 

mLytriefhylamine (1.0 niL) add a solution of Preparation 24 (L07 g» 3.88 mmol) in 
metibanol (10 mL). Place the mixture on a Parr shaker under hydrogen (60 psi) at 40X 
for twelve hoxzrs. Putge the reaction with nitrogen and filter with celite. Concentrate the 
filtrate in vacuo and flash chromatogr^h widi 30% eth>l acetate/hexane to yield 
10 Preparation 31 (0.72 g, 67%) as a clear oil. NMR (CDCI3): 6.96-6.93 (m, 3H), 5.17 (s, 
2H), 3.67-3.60 (m, IH), 3.50 (s, 3H), 3.34-3.28 (m, IH), 3.15 (s, 3H), 2.25 (s, 3H), 2.15- 
1.99 (m,4H), 1.90-h83(m, IH), 1.70-1.63(m, IH). MS calcd 294.1; MS (M+1) 295.1. 

PreparatipB32 

pHa 
O 

. 15 

racCTUc 

To a suspension of 5% palladium on carbon (024g) in methanol (SO 
mLytrietfaylamine (LO mL) add a solution of Preparation 25 (1.31 g> 4.68 mmol) in 
20 meaianol(lOmL). Place die mixture on a Panr shaker under hydtog^ (60 psQ 

for twelve hours. Pur^ the reaction with nitrogen and filter with celite. Concentrate ^le 
filtrate in vacuo and flash chromatograph Mdth 30% ethyl acetate/hexane to yield 
Preparation 32 (1.01 g, 77%) as a clear oU. MS calcd 282.1; MS (M+1) 283.1. 
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5 To a suspension of 5% palladium m carbon (0.34g) in methanol (SO mL) add a 

solution of Ftepaiation 19 (1.70 g, 5.28 mmol) in methanol (10 mL). Place the mixture 
on a Pan* shaker under hydrogen (60 psi) at 40^C for twelve hours. Pui;^flie reaction 
wiffanitrog^ and filter with celite. Concentrate the filtrate in vacuo and flash 
chromatograpli witii 30% ethyl acetate/hexane to yield Preparation 33 (0.99 g, 58%) as a 
10 clear oil, "H NMR (CDQa): 7.05 (t, J = 8.6, 8.2, IH), 6.78 (d, J = 8.2, 2H), 5.1 1 (dd, J = 
6.6, 18.4, 4H), 4.18-4.1 1 (m, IH), 3.49 (s, 6H), 3.21 (s, 3H), 3.15-3.08 (m, IH), 2.28-2.19 
(m, 2H), 2.03-1.89 (m, 3H), 1.62-1.50 (m, IH). MS calcd 324.2; MS (M+1) 325.2. 



Preparation 34 



15 




To a suspension of 5% palladium on carbon (0.60g) in methanol (25 mL) add a 
solution of Preparation 26 (1 .20 g, 3.73 mmol) in methanol (1 0 mL). Place the mixture 
20 on a Parr shaker under hydrogra (60 psi) at 40^C for twelve hours. Purge the reaction 
with nitrogen and filter with cdite. Concentrate the filtrate in vacuo and flash 
chromatogr^h with 20% ethyl acetate/hexane to yield Preparation 34 (0.82 g, 68%) as a 
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dear oil. 'H NMR (CDQa): 7.06 (d, J = 8.6, IH), 6.77 (d, J =» 2.3, IH), 6.60 (dd, J = 2.4, 
8.6, IH), 5.20 (8, 2H). 5.14 (dd, J = 6.6, 9.7, 2H). 3,61-3.54 (m, IH), 3.50 (s, 6H), 3.45 (s, 
3H), 3.31 -3.26 (m, IH), 2.16-1.94 (m, 4H), 1.86-1.80 (m, IH), 1.71-1.60 (m, IH). MS 
calcd 324.2; MS (M+l) 325.2. 

5 

PwpMa*ion35 



^^3 CH3 

racemic 

10 To a suspension of 5% palladiimi on carbon (0.2Sg) in methanol (25 mL) add a 

solution Preparation 27 (0.54 g, 1.61 mmol) in methanol (10 mL). Place the mixture on a 
Parr shaker under hydrogen (60 psi) at 40°C for twelve hours. Purge the reaction with 
nitrogen and fUter with celite. Concentrate the filtrate in vacuo and flash cbroroatograph 
with 20% efhyi acetate/hexane to yield Preparation 35 (0.49 g, 89%) as a clear oil. 'H 

15 NMR (CDQj): 6.69 (d, J = 2.8, IH), 6.65 (d, J = 3. 1, IH), 5.04 (m, 2H), 4.93 (dd, J = 5.9, 
16.0, 2H), 3.73-3.67 (m, IH), 3.57 (s, 3H), 3.42 (s, 3H), 3.25-3.19 (m, 4H), 2.25 (s, 3H), 
2.17-2.12 (m, IH), 2.05-1.85 (m, 4H), 1.70-1.60 (m, IH). MS calcd 338.2; MS (M+1) 
339.2. 




20 
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'3 



raoemic 



To a suspension of 5% palladium on carbon (038g) in methanol (35 mL) add a 
solution of Preparation 20 (0.75 g, 2.14 mmol) in methanol (10 mL). Place fte mixture 
on a Panr shaker under hydrogen (60 psi) at 40°C fox twelve hours. Puige the reaction 
with nitrogen and filter with celite. Concentrate ttie filtrate in vacuo and flash 
cbnanatogiaph with 20% etfa>4 acetate/hexane to yield Prqiaration 36 (0.63 g, 84%) as a 
clear oil. 'HNMR (CDas): 6.95 (d, J= 9.0, IH), 6.85 (d, J = 3.1, IH), 6.79 (dd, J = 3.1, 
9.0, IH), 5.15 (s, 2H), 5.13-5.05 (m, 2H), 3.56-3.51 (m, IH), 3.50(s, 3H), 3.45 (s, 3H). 
3.30 (s, 3H). 3.08-3.04 (m, IH), 2.23-2.17 (m. IH), 2.04-1.80 (m, 6H), 1.55-1.40 (m, 3H). 
MS calcd 352.2; MS (M+1) 353.2. 



To a suspension of 5% palladiiim on caihon (O.OSg) in methanol (50 
mL)/triefliylamine (l.OmL) add a solution of Prq)aration 21 (0.62 g, 1.76 nnnol) in 
methanol (10 mL). Place the mixture on a Pair shaker under hydrogen (60 psi) at 40''C 



Pieparation37 




racemic 
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for twelve hours. Purge the reaction with nitrogen and filter with celite. Concentrate die 
filtrate in vacuo and flash chromatograph with 20% ethyl acetate/hexane to yield 
Preparation 37 (0.50 g, 81%) as a clear oil. 'H NMR (CDCI3): 6.50 (d, J = 2.7, IH), 6.44 
(d, J - 2.7, IH), 5.14-5.05 (m, 4H), 3.80 (m, 4H), 3.58 (s, 3H), 3.46 (s, 3H), 3.25 (m. 4H), 
2.15-2.09 (m, 1H)» 2.07-1 .90 (m, 4H). 1.72-1.64 (m, IH). MS calcd 354.1; m (M+1) 
355.1. 



PrenaratiQg 38 




To 8 suspension of 5% palladium on carbon (O.OSg) in medianol (50 
mL>Wethylanjine (l.QmL) add a sohition of Preparatian 22 (0.42 g, 1.19 mmol) in 
methanol (10 mL). Place the mixture on a Pair shaker under hydrogen (60 psi) at 40»C 
for twelve hours. Purge the reaction with nitrogen and filter with celite. Concentrate the 
filtrate in vacuo and flash chromatograph with 20% eth^ aoetate/hexane to yield 
Preparation 38 (0.16 g. 38%) as a clear oiL 'H NMR (CDQa): 7.00 (d, J => 8.2, 0.5H), 
6.94 (d, J = 7.8, 0.5H). 6.84-6.75 (m, 1.5H), 6.67 (d, J = 3.1, 0.5H), 5.12-5.01 (m, 4H). 
3.77 (d, J = 9.0. 0.5H). 3.64 (d, J = 11.3, 0.5H). 3.52 (s, 1.5H). 3:49 (s, 1.5H), 3.48-3.43 
(s, 4.5H), 3.35 (s, 1.5H), 2.55-2.42 (m, 0.5H), 2.17-2.02 (m, IH), 1.95-1.88 (m. 0.5H), 
1.81-1.75 (m, IH), 1.69-1.60 (m, 0.5H). 1.55-1.50 (m, 0.5H), 1.15 (s, 1.5H), I.Ol (s. 
1.5H), 0.78 (s, 3H). MS calcd 352.2; MS (M+1) 353.2. 
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PreparatioTi 




To a suspension of 5% palladium on caibon (0.58g) in mefhanol (50 
mLytriethylamine (l.OmL) add a solution of Preparation 23 (1 .25 g, 3.89 inmoI)in 
methanol (10 mL). Place the mixture on a Pair shaker under hydrogen (60 psi) at 40"»C 
for twelve hours. Purge the reaction with nitrogen and fUter with celite. Concentrate the 
filtrate in vacuo and flash chromatogiaph with 15% eAyl acetate/hexane to yield 
Preparation 39 (0.89 g, 72%) as a dear oil. MS calcd 380.2; MS (M+1) 381.2. 



Preparation 40 




racemic 



To a suspension of 5% palladium on caibon (0.15^ in medianol (50 
mLytriethylamine (l.OmL) add a solution of Preparation 28 (0.58 g. 1.80 mmol)in 
methanol (10 mL). Place the mixture on a Pair shaker under hydrogen (60 psi*) at 40«C 
for twdve hours. Purge the reaction with nitrogen and filter with ceUte. Concentrate the 
fUtrate in vacuo and flash duomatograpb with 15% elhjd acetate/hexane to yield 
Pr^aration 40 (0.25 g, 43%) as a clear oil. MS calcd 294.1; MS (M+1) 295.1. 
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Prenaiation41 

lacemic 

This preparation follows that in Tet Letters 36, 31, 1995, 5461-5464. Cool a 
suspension of Preparation 29 (0.50 g, 1.54 nrniol) andNiO-dimethjifaydroxjiamine 
hydrochloride (0.23 g, 2.31 mmol) in anhydrous THF (25 mL) to --Iff^C in an ice/acetone 
bath, add isoprop}i magnesium chloride (2.0M, 2.3 mL, 4.62 mmol), and stir tiie reaction 
for 30 minutes. Quench the reaction with saturated ammonium chloride. Add ethyl 
acetate and wash tihe organic layer washed wifli brine. Dry the organic layer over sodium 
sulfate, conc^itrate m vacuo, aud flash chromatograph with 50% ethyl acetate/hexane to 
yield Preparation 41 (0.49 g, 90%) as a clear oil, which is used without further 
characterization. 



Preparation 42 




racemic 



Cool a suspension of Preparation 30 (0.95 g, 2.86 mmol) and N,0- 
dimethylhydroxylamme hydrochloride (0.42 g, 4,29 mmol) in anhydrous THF (40 mL) to 
-lO^'C in an ice/acetone bath, add isoprop>i magnesium chloride (2.0M, 4.3 mL, 8.58 
mmol), and stir the reaction for 30 minutes. Quench the reaction with saturated 
ammonhmi chloride. Add ethyl acetate and wash the organic layer washed with brine. 
Dry the organic layer over sodhun sulfate, concentrate in vacuo, and flash chn)matognQ>h 
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with 50% ethyl acetate/hexane to yield Preparation 42 (0.86 g, 83%) as a dear oil, wbicb. 
is iised \vithout further characterization. 



PteDaration43 




Cool a suspension of Prepaiation 31 (0.71 g, 2.55 mmol) andN.O- 
dimeth34hydroxylainine hydrochloride (0.37 g, 3.83 mmol) in anhydrous THF (40 mL) to 
-ICC in an ice/acetone bath, add isopropyl magnesium chloride (2.0M, 2.5 mL, 5.10 
mmol), and stir the reaction for 30 minutes. Quench the reaction with saturated 
ammonium chloride. Add elhjd acetate and wash the organic layer washed with brine. 
Dry the organic layer over sodium sulfate, concentrate in vacuo, and flash chiomatogt^h 
with 50% ethyl acetate/hexane to yield Preparation 43 (0.36 g, 46%) as a clear oil. which 
is used without further characterization. 



PreDaration44 




Cool a suspension of Preparation 32 (0.98 g, 3.48 mmol) andN.O- 
dimethylhydroxjdamine hydrochloride (0.51 g, 5.22 mmol) in anhydrous THF (40 mL) to 
-10°C in an ice/acetone bath, add isopropj4 magnesium dilonde (2.0M, 5JZ mL, 10.42 
mmol), and stir the reaction fixr 30 minutes. Quench the reaction with saturated 
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ajoamonium cWoride. Add efhyl acetate and wash the organic layer washed with brine. 
Dry the organic layer over sodium sulfate, concentrate in vacuo, and flash chromatogmph 
with 50% ethyl acetate/hexane to yield Piq)aration 44 (0*61 g, 56%) as a clear oil, winck 
is used without further charactmzation. 



Preparation 45 




racemic 



Cool a suspensicui of Preparation 33 (0.97 g, 239 mmol) and N,0- 
dimeth^ydroxylainine hydrochloride (0.44 g, 4.49 mmol) in anhydrous THF (40 mL) to 
-lO^'C in an ice/acetone bath, add isoprppyl magnesium chloride (2»0M, 4.5 mL, 9.00 
mmol), axid stir the reaction for 30 minutes. Quench the reaction with saturated 
ammonium chloride. Add ethyl acetate and wash the organic layer washed with brine. 
Dry die organic layer over sodium.sulfate, concentrate in vacuo, and flash chromatogi^h 
with 50% ethjl acetate/hraane to yield Preparation 45 (0.7 1 g, 67%) as a clear oil, irtiich 
is used wifliout farther characterization. 
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Prepajation46 




5 Cool a suspension of Preparation 34 (0.82 g, 2.53 nunol) and N^O- 

dimethylhydroxylamine hydrochloride (0,37 3.80 mmol) in anhydrous THF (30 mL) to 
-1 0**C in an ice/acetone bath, add isopropyl magnesium^ chloride (2.0M, 3.8 mL> 7.60 
mmol), and stir the reaction for 30 minutes. Quench the reaction with saturated 
ammonium chloride. Add ethyl acetate and wash the organic layer washed with brine. 
10 Dry the org3nic layer over sodium sulfate, concentrate m vacuo, and flash chiomatograph 
with 50% ethyl acetate/hexane to yield Prq)aration 46 (0.80 g, 90%) as a clear oil, which 
is used without iuilh^characterizatioiL 



15 




^CH3 



raoemic 



Cool a suspension of Preparation 35 (0.48 g, 1 .42 mmol) and N,0- 
dimethjdhydroxylamine hydrochloride (0.21 g, 2.13 mmol) in anhydrous THF (20 mL) to 
2 0 -lO^C in an ice/acetone bath, add isopropjd magnesium chloride (2.0M, 2.1 mL, 4.20 
mmol), and stir the reaction for 30 minutes. Quench the reaction wi&sataiBied 
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ammonitim chloride. Add efbjd acetate and v^sh the organic laysr washed with brine* 
Diy the organic layer over sodium sulfete, concmtrate in vacuo, and flash chromatDgr^h 
widi 50% ethyl acetate/hexane to yield Preparation 47 (0,46 & 88%) as a dear oil, which 
is med without further characterizaticnL 

PreparatiQa48 



K 




racmiic 



Cool a suspension of Preparation 36 (0.63 g, 2.53 mmol) andN,0- 
dimethylhydraxjdaniine hydrochloride (0.26 g, 2.68 mmol) in anhydrous THF (30 mL) to 
-10**C in an ice/acetone bafli, add isopropyl magnesium chloride (2.0M, 2.7 mL, 5.40 
mmol), and stir the reaction f<»- 30 minutes. Clench tiie reaction with saturated 
ammonium chloride. Add ethyl acetate and wash the organic layer washed with brine. 
Dry the organic layer over sodium sul&te, concentrate in vacuo, and flash chromatograph 
with 50% ethyl acetate/hexane to yield Prq)aratiQn 48 (0.54 & 76%) as a clear oil, which 
is used without further characterization. 
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Preparation 49 




^3 



racemic 



Cool a suq)ension of Preparation 37 (0.50 g, 1.41 mmol) aiidN,0- 
dimethyihydro^Orlamine hydrodiloride (0.24 g, 2.12 mmol) in anhydrous THF (30 mL) to 
-lO^C in an ice/acetone batii, add isopropyl magnesium chloride (2.0M, 2.1 ml^ 4.20 
mmol), and stir the reaction for 30 minutes. Quench the reaction witti saturated 
ammonium chloride. Add efliyl acetate and wash the organic layer washed witihi brine. 
Dry Ihe organic layer over sodium sulfate, concentrate in vacuo, and flash chromatograph 
with 50% eai)4 acetate/hexane to yield Prq)aiation 49 (0.31 & 57%) as a clear oil, which 
is used wifliout fiirtfaer characterization. 



Cool a suspemion of Prqiaiaticm 38 (0.16 g, 0.45 mmol ) and N,0- 
dimethylhydroxylamine hydrochloride (0.07 g, 0.68 mmol) in anhydrous THF (10 mL) to 
-lO^'C in an ice/acetone bath, add isopropyl magnesium chloride (2.0M, 0.7 mll^ 1.40 
mmol), and stir the reaction for 30 minutes. Quench the reaction with saturated 
ammonium chloride. Add ethjd acetate and wash the organic layer washed with brine. 



Preparation 50 




lacemic 
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Diy the organic layer ov&r sodium sulfete, concentrate in vacuo, and flash dnomatogiaph 
with 50% ethyl acetate^exane to yield Preparation 50 (0.15 g, 87%) as a clear oil, ^ch 
is used without further chaiacterizatioiL 



PreDaiaticm51 




H,C 



0^0 



lacemic 



Ck)ol a suspension of Preparation 39 (0.25 g, 0.77 mmol)and N,0- 
dimethylhydroxylaininehydrocMoride(0.11 g, 1.16 mmol) in anhydrous THF (20 mL) to 
-lO^C in an ice/acetone bath, add isopropyl magnesium chloride (2.0M, 1.2 mL, 2.40 
mmol), and stir the reaction for 30 mmutes. Quench the reaction with saturated 
anmaonium chloride. Add ethyl acetate and wash the oiganic layer washed with brine. 
Dry the organic layer over sodium sulfite, concentrate in vacuo, and flasih chiomatogiaph 
with 50% ethyl acetate/hexane to yield Pn^wration 51 (0.20 g, 74%) as a dear oil, which 
is used without fordner chaiacterizaliQa 



PreparatianS2 



racemic 



Cool a suspension of Preparation 40 (0.91 g, 3.07 mmol)and N,0- 
dimetfaylhydroxjlamine hydrocMoride (0.45 g, 4.64 mnioO in anhydrous THF (20 mL) to 
-10*»C in an ice/acetone bath, add isopropyl magnesium chloride (2.0M, 3.1 mL, 6.20 
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imnol), and Stir the lection for 30 minutes. Quench Aereactioa with saturated 
ammonium chloride. Add eth;^ acetate and wash the organic l^yer washed with hrine. 
Diy the organic layer over sodium sulfite, concentrate in vacuo, and flash tdiromatogn^h 
with 50% ethyl acetate/hexane to yield Preparation 52 (0.36 g, 36%) as a clear oil, which 
is used without furflier diaiacteriaaticm. 



fteparationSa 




Cool a suspension of sodium l^dride (60% in mineral oil, 2.54 g, 63.58 mmol) in 
anhydrous DMF (50 mL) under nitrogen atmosphere to O'C and add a solution of 4- 
bromophenol (10.00 g, 57.80 mmol) in anhydrous DMF (50 mL) diopwise. Add to this 
suspension melhoxymethyl chloride (4.8 mL, 63.58 mmol) diopwise. Wann the reaction 
to ambient temperature and stir for one hour. Quench the reaction with water and diefliyl 
ether. Wash the organic layer with IN sodium hydroxide and brine. Dry the organic layer 
over sodium sulfite, concentrate in vacuo, and £Ush dinnnatogr^h with 10% elfayl 
acetate/hexane to yield Preparation 53 (10.42 g, 83%) as a clear ofl. 'H NMR (CDCI3): 
7.38 (d. J = 8.8, 2H), 6.93 (d, J = 8.7, 2H), 5.14 (s, 2H), 3.43 (s, 3H). 

Preparation 54 

Cool a solution of Preparation 53 (3.03 g, 14.00 mmol) in anhydrous THF (40 ml) 
to -78»C under nitrogen atmosphere and add s-butyllithium (1 .3 M in cyclohexane, 10.7 
mL, 14.00 mmol) dropwise. Stir the solution at -78''C for 30 minutes resulting in a 
0.40M solution. Useinamediately,keepuigtenq)eratureat-78*'C. 



wo 03/044006 



PCTAJS02/33622 



-57" 
Preparation 55 




5 Add Prqjaration 54 (0.40M, 42.5 mL, 1 7.00 mmol) into a solution of Preparation 

41 (6.00 g, 17.00 nwnol) in anhydrous THF (50 mL) at 0"»C and stir the resulting solution 
for 30 minutes at CC. Quench the reaction with saturated sodium bicarbonate. Addeth^ 
acetate and wash with brine. I>cy the organic layer over sodium 8ul&te» concentiate in 
vacuo, and flash chromatogr^h with 30% ethyl acetate/hexane to yield Preparation 55 
10 (7.11 g, 97%) as a colorless foam. 'H NMR (CDCI3): 7.61 (d, J = 8.6, 2H), 6.83 (d, J = 
8.6, 2H), 6.76 (d, J = 2.7, IH), 6.71 (d, J = 8.7, IH). 6,60 (dd, J ■= 2.7. 8.6 IH). 5.18 (s. 
2H), 5.08-4.95 (m, 4H), 4.27-4J3 (m, IH), 3.83-3.79 (m. IJ3), 3.43 (s, 3H). 3.40 (s, 3H), 
3.39 (8, 3H), 2.25-1.93 (m, 5H), 1.79-1,70 (m, IH). 



15 
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Preparation 56 



pHs 




racemic 



5 Add Preparation 54 (0.40 M, 8.9 mL, 3.57 mmol) into a solution of Preparation 42 

(0.86 g, 2.38 mmol) in anhydrous THF (50 mL) at OX and stir the resulting solution for 
30 minutes at OX. Quench the reaction with saturated sodium bicarbonate. Addefhji 
acetate and wash with brine. Diy the organic layer over sodium sulfate, concentrate in 
vacuo, and flash chiomatogrq)h with 20%.ethyl acetate/hexane to yield Preparation 56 
10 (1.03 g, 99%) as a clear dl 



PreoarationS? 




racemic 



Add Preparation 54 (0.40 M, 6.1 mL, 2.34 nnnol) into a solution of Preparation 43 
(0.36 g, 1.17 mmol) in anhydrous THF (20 mL) at OX and stir the resulting solution for 
30 minutes at OX. Quench the reaction with saturated sodium bicarbonate. Add ethyl 
acetate and wa^witii brine. Dry the organic layer over sodium sulfate, concentrate m 
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vacuo, and flash chromatograph with 30% ethyl acetate/hexane to yield Preparation 57 
(0.41 g, 92%) as a clear oil. NMR (CIXlj): 7.61 (d, J = 7.4. 2H), 6!92-6.81 (m. 3H), 
6.76-6.65 (m, 2H). 5.15 (s. 210, 4.93 (m, 2H), 4.29-4.23 (m, IH), 3.82-3.76 (m. IH), 3.45 
(s, 3H), 3.40 (8, 3H), 2.23-1.92 (m. 8H), 1.80-1.69 (m, IH). 

Preparation 58 




lacemic 



Add Preparation 54 (0.40 M, 9.8 mL, 3.92 mmol) into a solution of Preparation 44 
(0.61 g. 1.96 mmol) in anhydrous THF (20 mL) at O^C and stir the resulting solution for 
30 minutes at O'C. Quench flie reaction with saturated sodium bicarbonate. Addethjd 
acetate and wash with brine. Dry the organic layer over sodium sul&te, concentrate in 
vacuo, and flash chromatograph with 30% efliyl acetate/hexane to yield Reparation 58 
(0.59 g, 92%) as a clear oa. 'H NMR (CDQa): 7.61 (d, J =7.4. 2H), 6.92-6.80 (m,3H), 
6.78..672 (m. IH). 6.63-6.59 (m, IH), 5.17 (dd. J « 6.6. 9.4. 2H). 4.90 (dd, J = 4.5. 6.6. 
2H), 4.30^.26 (m. IH), 3,80-3.75 (m, IH). 3.43 (s, 3H), 3.39 (s. 3H), 2JJM.91 (m. 5H), 
1.80-1.70 (m,lH). 
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iBcemic 



5 Add pR^tionM (0.40 M,7JmI^ 3.03 inmoQ ialo a solution of Pr^^ 

(0.71 g, 2.01 mmol) in anhydrous THF (20 soL) at 0<*C and stir fhe resulting solution for 
30 minutes at O'H:;. Quench tiie reaction with saturated sodium bicarixmate. Addefhyi 
acetate and wash wifli brine. Dry the organic layer over sodium sul&te, concentrate in 
vacuo, and flash chromatograph wifli 30% ethyl acetate/hexane to yield Preparation 59 
10 (0.80 g, 93%) as a clear ofl. 'H NMR (CDCI3): 7.55 (d, J = 7.0, 2H), 6.80-6.75 (m. 3H), 
6.48 (d, J = 8.2, 2H), 5.15-5.06 (m. 2H), 4.96 (s. 4H), 4.39-4.31 (m, IH), 3.80-3.76 (m, 
IH), 3.46 (s. 6H), 3.40 (s. 3H), 2.55-2.45 (m, IH), 2.30-2.20 (m, IH). 2.15-2.05 (m, IE), 
1.96-1.85 (m, 2H), 1.70-1.60 (m, 1H>. MS calcd 430.2; MS (M+1) 431.2. 



15 
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PreDaration6Q 




5 Add Preparation 54 (0.40 M, 8.5 mL, 3.40 mmol) into a solution of Preparation 46 

(0.80 g, 2.26 mmol) in anhydroiw THF (20 mL) at 0**C and stir the resulting soluti<m for 
30 nmnites at 0**C. (^lench flie reaction with saturated sodium bicarbonate. Addethjd 
acetate and wash witii brine. Dry the organic layra- over sodium sulfate, concaitrate in 
vacuo, and flash chromatogr^h with 30% ethyl acetate/hexane to yield Preparation 60 
10 (0.87 g. 90%) as a clear oil. 'H NMR (CDCI3): 7.61 (d, J = 8.6, 2H), 6.99-6.96 (m, IH). 
6.86 (d, 8.7, 2H). 6.50-6.46 (m, 2H), 5.15 (s, 2H), 5.404.97 (m, 2H), 4.92 (s, 2H), 4.26- 
4.21 (m, IH), 3.80-3.74 (m, IH), 3.44 (s, 3H), 3.40 (s, 3H), 3.38 (s, 3H). 2.24-1.90 (m. 
5H), 1.79-1.71 (m, IH). MS calcd 430.2; MS (M+1) 4312. 



15 
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5 Add Preparation 54 (0.40 M, 4.7 mL, 1.88 mmol) into a solution of Preparation 47 

(0.46 g, 1 .25 mmol) in anhydrous THF (20 mL) at ©"C and stir the resulting solution for 
30 minutes at 0**C. Quench the reaction wifli saturated sodium bicarbonate. Add ethyl 
acetate and wash witii brine. Diy the otpnic layer over sodium sulfate, concentrate in 
vacuo, and flash cbnanatogi^ with 30% ethyl acetate/hexane to yield Preparation 61 
10 (0.43 g, 77%) as a clear oil *H NMR (CDQj): 7.61(d, J = 8.6, 2H), 6.80 (d, J « 9.0. 2H), 
6J1 (d, J = 2.7, IH), 6.41 (d, J « 2.7, IH). 5.13 (s, 2H). 4.97-4.85 (m, 4H>, 4.26-4.21 (m, 
IH), 3.85-3.80 (m, IH), 3.61 (s, 3H). 3.42 (s, 3H), 3.37 (s, 3H), 2.33-2.22 (m. IH), 2.15- 
1.89 (m, 7H), 1.80-1.69 (m, IH). MS calcd 444.2; MS (M+1) 445.2. 



15 
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Preparation 67 




5 Add ?KpBxtAoa 54 (0.40 M, 6.8 mL, 2.74 mmol) into a solution of Preparation 48 

(0.54 g, 1.37 mmol) in anhydrous THF (20 mL) at OX and stir the resulting solution for 
30minutfesat0''C. Quench the reaction wifli saturated sodium bicarbonate. Addethjd 
acetate and wash with brine. Dry the organic layer over sodium sulfate, concentrate in 
vacuo, and flash chromatograph with 30% ethyl acetate/hexane to yidd Preparatiffli 62 
10 (0.25 g, 40%) as a clear oil. 'H NMR (CDCI3): 7.55 (d, J = 8.6, 2H), 6.83 (d, J = 9.0, 

IH), 6.76-6.72 (m, 3H), 6.57 (dd, J - 3.2, 9.0, IH), 5.14 (s, 2H). 5.00-4.92 (m. 4H), 4.10- 
4.03 (m, IH). 3.70-3.63 (m, IH), 3.45 (s, 3H), 3.43 (s, 3H), 3.38 (s. 3H), 2.38-2.30 (m, 
IH). 2.10-1.82 (m, 8H), 1.55-1.45 (m, IH). 
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Preparatiqn63 




5 Add Ptepaiation 54 (0*40 M, 4.0 mL, 1 .62 mmol) into a solution of Preparation 49 

(0.31 0.81 mmol) in anhydrous THF (10 mL) at O^C and stir the resulting solution for 
30 minutes at OX. Clench the reaction with saturated sodium bicarbonate. Add ethyl 
acetate and wash with brine. Dry the organic layer over sodium sulfate, concentrate in 
vacuo, and flash chromatogr^h with 30% ethyl acetate/hexane to yield Preparation 63 
10 (0.12 g, 32%) as a clear oil. NMR (CDQa): 7.65 (d, J = 8.0, 2H), 6,99-6,96 (m. IH), 
6,80(d. J = 8.0,2H),6.29(d,J=2.7, IH), 6.23 (d, J = 2.7, IH), 5.13 9S,2H), 5.02-4.89 
(m, 4H), 4.24-4.19 (m, IH), 3.94-3.89 (m, IH), 3.67 (s, 3H), 3.60 (s. 3H), 3.44 (s, 3H), 
3.39 (s, 3H), 2.30-2.27 (m, IH), 2.13-2.02 (m, IH), 1.99-1.90 (m, 2H), 1.80-1.74 (m, IH). 

15 
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Preparatioii 64 




5 Add PrepaFation 54 (0«40 M, 1.S mL, 0.S9 mmol) into a solution of Pieparaticm 50 

(0.15 g, 0.39 xmnol) in anhydrous THP (10 mL) at O^C and stir ftu^ resulting solution fi»r 
30 minutes at O'^C Quench Aeieaction with saturated sodium bicaibonate. Addotti^ 
acetate and wash with brine. Diy the organic kyer over sodium sulfate, concentra^ 
vacuo, and flash chromatograph with 30% ethyl acetate/hexane to yield Preparatioii 64 
10 (50 mg, 28%) as a clear oil. 



Preparation 65 




rac^c 

15 

Add Preparation 54 (0.40 M, 2,1 mL, 0.85 mmol) into a solution of Ptiq)aratiQn 51 
(0.20 g, 0.57 mmol) in anhydrous THF (1 0 mL) at O^C and stir the resulting solution for 
30 minutes at 0°C. Quench the reaction with saturated sodium bicarbonate. Add ethyl 
acetate and wash with brine* Dry the organic layer over sodium sul&te, concentrate in 
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vacuo, and flash dbramalDgraph with 30% efh^ acetatB/hexane to yield PrepaialioD 6S 
(0.2 1 g, 86%) as a clear oil. 



Add Prepaiafioii 52 (0.40 M, S.S niL, 2.22 nunol) into a sohition of Prepaiatioa SO 
(0.36 g, 1.1 1 mmol) in anhydrous THF (20 mL) at 0"*C and stir the resulting solution for 
10 30 minutes at O'^C. Quench tfie reaction with saturated sodium bicarbonate. Add ethyl 
acetate and wash with brine. Dry the organic layer over sodium sul&te, concentrate in 
vacuo, and flash cfaromatogF^h with 50% ethyl acetate/hexane to yield PieparatiQn 66 
(0.41 g, 92%) as a clear oil, 

15 Preparation 67 




PteDaratiQn66 



'a 



5 



racemic 



H3C 




raoemic 



20 



To 0.92 g (2.8 mmol) of Piqiaration U in 10 mL of THF at -78^. was added 3.4 
mL (5.6 mmol) of 1.7 M tert-butyllifliium. The mixture was cannulated into 0.7 g (2.0 
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mmol) of Pxeparaticm 41 in 10 mL of aidiydrous THF at with magnetic stiirmg, 
and all was allowed to come to room temperature. After 5 horn, &e mixture was 
partitioned between dieth^defber and saturated sodium bicarbonate aqueous. The oig3nic 
layer was washed witti water, saturated brine, dried over anhydrous sodium sulfate, 
concentrated in vacuo, and flash chromatogr^hed on silica gel with 10% 
ethylacetate/hexanes to give Preparation 67 (0.51 g, 57%). The product *H NMR (CDCI3) 
exhibited an arjdmeOiyl singlet at 2.13 ppm, and the product was used as is. 



Preparation 68 




racemic 



To 0.70 g (3.0 mmol) of 4-brQmo-O-methoxymetfayl-m-aresol in 10 mL of TEIP at 
-78^C was added 3.6 mL (6.1 mmol) of 1 ,7 M tert-butyllithium. The mixture was 
cannulated into 0.98 g (2.77 mmol) of Preparation 4 1 in 10 mL of anhydrous THF 
at -78°C witb magnetic stirring, and all was allowed to come to room tenq)erature. After 
5 hours, the mixture was partitioned between diethyiether and saturated sodium 
bicarbonate aqueous. The organic layer was washed with water, saturated brine, dried 
over anhydrous sodium sulfate, concentrated in vacuo, and flash chromatogrq)hed on 
silica gel with 10% eth)4acctate/hexanes/0.1% triethylamme to give Preparation 68 (0,31 
g,25%). ^H>fMR(CDa3): 7.39 (d, J = 9.5, IH), 6.83(8, IH), 6.70 (dd, J - 9.5, 2.5, IH), 
6.68 (s, IH), 6.61 (d, J = 2.5, IH), 5.15^98 (m, 4H). 4.76 (d, J = 6.3, IH), 4.65 (d, J = 
6.4, IH), 4.24 (m, IH), 3.68 (m, IH), 3.47 (m, IH), 3.44 (s, 3H), 3,43 (s, 3H), 3.30 (s, 
3H), 2.00 (s, 3H), 2.28-1.88 (m, 4H), 1.74 (m, IH). 
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Bxamplel 
Preoaratioiiof 

(*>2-f4-hY#)xwhm^>-6-hvdroxv-cvclopentvirc13.4-dih^ 




To 8 solution of Preparation 55 (7.10 g, 16.51 mmol) in anhydrous methanol (200 
mL) addp-toluenesulfonic acid (1.04 g, 16.51 mmol) and heat the resulting solution to 
50**C for 1 8 hours. Cool the reaction to ambient temperature and add bromocreosol green 
(10 mg) and sodium cyanoborohydiide (5.18 g, 82.55 mmol). Add methanol saturated 
with HQ (g3s)dropwiseunta yellow color is maintained. Stir the reaction one hour past 
the time when no more color chan^ was observed. Quench the reaction with saturated 
sodium bicarbonate, add elii^ acetate, and wash the organic layer with sodium 
bicarbonate and brine. Dry the organic layer over sodium sul&te, ooncentratB in vacuo, 
and flash chiomatognq>h with 10 % die(h3d efiier/dichloromethane. RedissoWe the 
product m diethyl ether (~2 mL), precipitate wiA dichloiomethane, and filter to yield 
Example 1 (2.10 g, 45%) as a ligjitpmple solid, 'h NMR (de-DMSO): 9.28 (s, IH), 8.80 
(s, IH). 7.20(4 J = 8.6,2H). 6.73 (d.J = 8.6.2H), 6.61 (d. J=8.7, IH), 6.53 (d, J=2.7. 
IH), 6.45 (dd, J = 2.7. 8.5, IH), 4.92 (d, J = 2.0, 11^, 3.38-3.32 (m, IH). 2.53-2.47 (m, 
IH), 2.07-2.02 (m, IH). 1.65-1.59 (m, IH), 1.45-1.22 (m, 4H), MS calcd. 282.1; MS (M- 
1)281.1. 
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flre paratjon of 
and 

5 fay,3^,4S)-f4-hYdroxYphq^y]|V$>hYdroxY^lop^^^ 



20 




(2S,3R,4S) 



10 Using standard HPLC equipment, chromatogrq)h the product of Example 1 (3.5 1 

g, Chiralpak AD 8 x 32 cm colunmi» 80% Hcptanc/isoprop)d alcohol eluent, 350 mTymin, 
252 nm). Concentration of pure fractions yields (S,S,S) (1.67 gi 99,9% ee, 6.9 min.) and 
(R, R, R) (1.71 g, 98<9% ee, 9.3 min.) as white foams. 

15 Example 2 

Preparation of 

(^2-(4-hvdroxvDhenvn-^trifluoromglhvl-cvclop^ 




racemic 



To a solution of Preparation 56 (1 .03 g, 2.35 mmol) in anhydrous methanol (40 
mL) add p-toluenesulfonic acid (0.1 1 g, 1.76 mmol) and beat the resulting solution to 
50^C for 1 8 hours. Cool the reaction to ambient temperature and add bromocreosol green 
(10 mg) and sodium cyanoboiohydride (0.74 & 1 1.75 mmol). Add methanol saturated 
25 with HQ (g9s)dropwise until yeUow color is maintained. Stir the reaction one hour past 
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the time when no more color change was observed. Quench the reaction vnfk saturated 
sodium bicarbonate, add ethyl acetate, and wash the organic layer with sodium 
bicarbonate and brine. Dry the organic layer over sodium sulfite, concentrate in vacuo, 
and flash chromatogr^ with 20 % ethyl acefate^hcxane to yield Example 2 (0.38 g, 
5 48%) as a Ix^t pink foam. NMR (ds-DMSO): 9.37 (s, IH), 7.54 (4 J « 1.9, IH), 7.40 
(dd, J - 1.9, 8,6, IH), 7.24 (d, J = 8.2, 2H), 7.00 (d, J = 8.6, IH), 6.74 (d. J « 8.2, 2H), 
5.17 (d, J = 2.0, IH), 3.53 (t, J = 7.4, 6.6, IH), 2.65-2.62 (MIH), 2.18-2.10 (m, IH), 1.78- 

1.72 (m, IH), 1.46-1.29 (m, 4H). MS calcA 334.1; MS (MA) 333.1. 

5 

Preparation of 

(^■2>(4-hvdroxvDhenvlV6->m ethvl-cvcloDentvirc13.4-da^ -beDzopyran 




lacemic 

15 

To a solution of Preparation 57 (0.40 g, 1.04 mmol) in anhydrous methanol (50 
mL) add p-toiuenesulfonic acid (0.05 g, 0.78 mmol) and heat the resulting solution to 
50^C for 18 hours. Cool the reaction to ambient tenq>erature and add bromocreosol green 
(10 mg) and sodium cyanoborohydride (0.33 g, 5.20 mmol). Add methanol saturated wifli 

20 HCl (gas) drcpwise until yellow color is maintained. Stir the reaction one hour past the 
time when no more color change was observed. Quench the reaction with saturated 
sodium bicarbonate, add ethyl acetate, and wash the oigmiic layer witii sodium 
bicarbonate and brine. Dry the organic layer over sodium sulfate, concentrate in vacuo, 
and flash chromatograph with 20% ethyl acetate/hexane to yield Example 3 (0,21 g, 72%) 

25 as a light purple soUd. ^H NMR (COaa): 7.33 (d, J = 9.0, 2H), 7.00 (d, J = 1.2, IH), 6,92 
(dd, J = 2.0, 8.2, IH), 6.87-6.81 (m, 3H), 5.44 (s, IH), 5.09 (d, J « 2.0, IH), 3.50-3.46 (m, 
IH), 2.61-2.54 (m, IH), 2.30 (s, 3H), 2.20-2.10 (m, IH), 1.90-1,82 (m, IH), 1.71-1.60 (m, 
IH), L57-1.36 (m, 3H). MS calcA 280.1; MS (M-1) 279.1. 
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Example 4 
PreparatjonQf 
f^2-f4-hvdroxvphCTLVlV6-fliioioK:vclopen^ 




5 racemic 

To a solution of pFeparati<m 58 (0.59 g» LS2 imnol) in anhydious methanol (30 
mL) add p-toluenesulfonic acid (0.07 g» 1 .14 nrniol) and heat the resulting solution to 
SO^C for 18 hours. Cool the reaction to ambient temperature and add Inomoo^ 

10 (10 and sodium cyanoborohydride (0.48 g, 7.60 mmol). Add methanol saturated ^fh 
HCl (gas) dropwisemitilyeUow color is maintained. Stir the reaction one hour past the 
tone when no more color change was observed. Quench the reaction with satumted 
. sodium bicarbonate, add eth^ acetate, and wash the organic layer with sodium 
bicarbonate and brine. Dry the organic layer over sodium sulfite, concentrate in vacuo, 

15 and flash chromatograph with 20% ethyl acetate/hexane to yield Example 4 (0.34 g, 79%) 
as a light puiple solid. ^HNMR(CDCl3):7.33 (d, J = 8.6, 2H), 6.88-6.76 (m,5H), 5.13 
9s, IH), 5.08 (d, J = 2.3, IH), 3.49-3.45 (m, IH), 2.62-2.55 9m, IH), 2.20-2.11 (m, IH), 
1.83-1.75 (m, IH), 1.67-1.58 (m, IH), 1.56-1.39 (m, 3H). MS calcd. 284.1; MS (M-1) 
283.1. 

20 
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Example $ 
Preparation of 
f^-2-f4>hvdroxvphen^V5Avdroxv^vclo!)entvirc13.4^ ^ 




raceimc 



To a solution of Preparation 59 (0.80 g, 1.86 mmol) in anhydrous methanol (30 
mL) add p-toluenesulfonic acid (0.09 g, 1 .40 mmol) and heat the resulting solution to 
SO^C for 18 hours. Cool Qie reaction to ambient ten:q)erature and add bromocieosol green 

10 (10 mg) and sodium cyanoborohydride (0.58 g^ 9.30 mmol). Add methanol saturated with 
HCl (gas) dropwise until yellow color is maintained. Stir the reaction one hour past the 
time when no more color change was observed. (Juoich the reaction with saturated 
sodium bicarbonate, add elh^ acetate, and wash the or^uiic layer with sodhim 
bicarbonate and brine. Dxy the organic layer over sodium sul&te, concentiate in vacuo, 

15 and llafih chromatogrq[)h with 5% diethylefher/dichlorometiiane to yield Example 5 (0.41 
& 78%) as a Kght pink soUd. ^HNMRXda-DMSO): 9.31 (s, IH). 9.30 (s, IH), 7.20 (d, J 
= 8.2, 2H), 6.83 (t, J = 7.4. 10,0, IH), 6.75 (d. J ^ 8.6, 2H), 6.39 (d. J = 7.9, IH). 6.28 (d, 
J = 7.9, IH), 4.87 (d, J = 1.0. IH), 3.46-3.41 (m, IH), 2.60-2.56 (m, IH), 2.14-2.09 (m, 
IH), 1.62-1.56 (m, IH), 1,51-1-29 (m, 4H). MS calod. 282.1; MS (M-1) 28LL 

20 
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BxamDle6 
Pnsparatioa of 

fV2-f4>^hvdroxvDhen\dV7-hvdroxv-cvcloD m^^ 




To a solution of Preparation 60 (0.86 g, 2.00 mmol) in anhydrous meOianol (SO 
mL) add p-toluenesulfonic acid (94 mg, 1.S0 mmol) and heat fhe resulting solution to 
SO^C for 1 8 hours. Cool tbe reaction to ambient tenq)eratiu:e and add hromocreosol green 

10 (10 mg) and sodium cyanoborohydride (0.63 g, 10.00 mmol). Add methanol satmated 
with HCl (gas) dropwise until yellow color is maintained. Stir the reaction one hour past 
tiie time when no more color change was observed. (Quench the reaction with saturated 
sodium bicarbonate, add ethyl acetate, and wash tiie organic layer with sodium 
bicaibonate and brine. Diy the organic layer over sodium sulfate, concentrate in vacuo, 

15 and flash cfaromatogr^h with 5% dietii)4ether/dichloromethane to yield Bxan^le 6 (0.32 
g, 57%) as a Ught yellow solid. *H NMR (de-DMSO): 9.31 (s, IH), 9.30 (s, IH), 7.21 (d, 
J = 8.6, 2H), 6.84^.80 (m, IH), 6.73 (d, J = 8.6, 2H), 6.38 (d, J - 7,8. IH), 6.29 (d, J = 
8.2, IH), 4.87 (s, IH), 3.45-3.41 (m, IH), 2.62-2.58 (m, IH), 2.18-2.09 (m, IH), 1.6M.54 
(m, IH), 1.50-1.22 (m, 4H). MS calcd. 282.1; MS (M-I) 281.1. 
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Bxainple? 

Preparation of f^2-f4-hvdroxvpheiM^^-hv(faioxv^8-meth^dKW^ 

2H-l"bmzopvran 




racemic 



To a solution of Preparation 61 (0.15 g, 2.00 nunol) in anhydroxis methanol (30 
mL) add p-tolu^iesulfonic acid (45 mg, 0.73 mmol) and heat the resulting solution to 
50X for 18 hours. Cool the reaction to ambient temperature and add bcomoc^^ 

10 (10 mg) and sodium cyanoboiohydride (0.29 g, 4.65 mmol). Add me&anol saturated with 
HCl (gas) dropwiseuntU yellow color is maintained. Stir the reaction one hour past tiie 
time when no more color change was observed. (Quench the reaction with saturated 
sodium bicarbonate^ add ethyl acetate, and wash the organic layer with sodhun 
bicarbonate and brine. Dry tbo organic layer over sodium sulfate^ concentrate in vacuo, 

15 and flash chromatogrs^ with 5% diethylether/dichloromeame to yield Example 7 (0. 15 
g, 54%) as a light yellow soKd. *H NMR (de-DMSO): 9.29 (s, IH), 8.66 (s, IH), 7.24 (d, 
J = 8.6, 2H), 6.65 (d, J - 8.2, 2H), 6.36 (s, 2H). 4.89 (s, IH), 2.58-2.47 (m, IH), 2.08 (s, 
3H), 2.07-2.00 (m, IH), 1.62-1.59 (m, IH), 1.42-1.21 (m, 5H). MS calcd. 296.1; MS (M- 
1)295.1. 

20 
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f^>2-f4-hvd roxvphenvlV6-hvdn)xv--c¥^ 




lacemic 



To a solution of Preparation 62 (0^5 g, 0.54 mmol) in anhydrous meAanol (20 
mL) add p-toluenesulfomc add (25 mg, 0.41 mmol) and heat fbs lesulting solution to 
50°C for 18 hours. Cool the reaction to ambient temperature and add bromocreosol green 
(10 m^ and sodium cyanoborohydride (0.17 g, 2.70 mmol). Add methanol saturated wifli 
HCl (gas) dropwise until yellow color is maintained. Stir the reaction one hour past the 
time when no more color change was observed. Quench the reaction with saturated 
sodium bicarbonate, add ethyl acetate, and wash the organic layer with sodium 
bicarbonate and brine. Dry the organic layer over sodium sulfete, concentrate in vacuo, 
flash chromatograph with 5% diethylether/dichloromethane> and chromatograph with 
HPLC (YMC ODS-A 0.46 x 5 cm column, 5-95% gradient, 0.1% TFA/water and 0.1% 
TFA/acetonitrile, 3.0 mL/minute, 214mn) to yield Example 8 (35 mg, 21%) as a light 
pink solid NMR (d6-DMS0): 9.3 1 (s, IH), 8.77 (s, IH), 7.21 (d, J - 8,6. 2H), 6.75 (d, 
J = 8.6, 2H), 6.49-6.46 (m, 2H), 6.47 (dd, J = 2.4, 8.7, IH), 4.93 (s, IH), 3.40-3.32 (m, 
IH), 2.45-2.37 (m, IH), 2.19-2.14 (m. IH), 1.78-L40 (m, 5H), 1.35-1.26 (m, IH), 1.20- 
1.07 (m, IH), L02-0.83 (m, 2H). MS calcd. 310.2; MS (M-1) 309.2, 
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ExamDle9 

PreDarationof f^-2>-(4^hv drDxvDhenvlV6>hvdroxv-8-m^^ 

2H-l-t^enzopvrm 




To a solution of Preparation 63 (0.12 g, 0.26 mxnol) in anhydrous metlianol (IS 
mL) add p-toluenesulfonic acid (1 2ni& 0.20 mmol) and heat the resulting solution to 
SO^G for 1 8 hours. Cool the reaction to ambient temperature and add bromocreosol green 

10 (10 mg) and sodium cyanoborohydride (0.08 g, 1.30 mmol). Add methanol saturated with 
HCl (gas) dropwise until yellow color is maintained. Stir the reaction one hour past the 
time when no more color change was observed Clench the reaction with saturated 
sodium bicarbonate, add ethyl acetate, and wash the organic layer with sodium 
bicarbonate and brine. Dry the or^nic layer over sodium sulfate, concentrate in vacuo, 

15 and flash chromatograph with 40% ethyl acetate/hexane to yield Exainple 9 (37 mg, 46%) 
as a light yellow solid NMR (d^-acetone): 8.25 (bs, IH), 7.90 (bs, IH), 7.32 0 J = 8.3, 
2H), 6.85 (d, J = 2.7, 2H), 6.30 (d, J = 2.7, IH), 6.24 (d, J = 2,4, IH), 4.94 (d, J = 2.3, 
IH), 3.74 (s, 3H), 3.44-3.40 (m, IH), 2.69-2.62 (m, IH), 2.18-2.10 (m, IH), 1.8S-L69 (m, 
IH), 1,59^1,55 (m, IH), 1.49-1.41 (m, 2H), L39-1.33 (m, IH). MS calcd 312.2; MS (M- 

20 1)311.2. 
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Example 10 

Preparation of f^2^4-hvdroxvDhenvlV6-hvdrDxv-lLll.dimrfh^ 

dihvdro-2H-l-bmzopvran 




To a solution of Preparation 64 (40 mg, 0.09 mmol) in anhydrous methanol (1 0 
mL) add p-toluenesulfonic acid (45 mg, 0.73 mmol) and heat the resulting solution to 
SO^C for 1 8 hours. Cool the reaction to ambient temperature and add bromocreosol green 

10 (10 mg) and sodium cyanoborohydride (27 mg, 0.43 mmol). Add methanol saturated with 
HCl (gas) dropwise until yellow color is maintained. Stir the reaction one hour past the 
time when no more color change was observed Quench the reaction with saturated 
sodium bicarbonate^ add ethyl acetate, and wash the organic layer with sodium 
bicarbonate and brine. Dry the organic layer over sodium sulfate, concentrate in vacuo, 

15 and cbromatograph using a chromatotron (1 mm plate) wifli 30% ethyl acetate/bexane to 
yield Example 10 (16 mg, 59%) as a Ught pink soUd. NMR (de-acetone): 8.20 (s, IH), 
7.80 (s, IH), 7.28 (d, J = 8.2, 2H), 6.84 (d, J = 8.6, 2H), 6.72 (d, J = 8.6, IH). 6.64 (d, J = 
3.2, IH), 6.60 (dd, J « 3.1, 8.6, IH), 4.73 (d, J = 2.7, IH), 3.0+-2.98 (m. 2H), 1 .64-1.59 
(m, IH), 1.43-1.37 (m, 2HX 1.25-1.20 (m. IH), 1.19 (s, 3H), 0.53 (s. 3H). MS calcd. 

20 310.2; MS (M-1) 309.2. 
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Example \ l 

Preparation of f^2>f4-hvdmxvDhenvlV6-hvd m3gv->lLll>diefev^ 

dflivdK>-2H-l-benzoT)vraii 




To a solution of using Prepaiation 65 (0.21 g, 0.57 mmol) in anhydrous metiianol 
(10 mL) addp-tolueaesulfonic acid (31 mg, 0.48 nrniol) and heat the resulting solution to 
SO^C for 18 hours. Cool the leaction to ambirat temperature and add bromocreosol green 

10 (10 mg) and sodium cyanoborohydride (150 mg, 2.40 mmol). Add mellianol saturated 
with HQ (gas) dropwise until yeUow color is maintained. Stir the reaction one hour past 
the time when no more color chan^ was observed. Quendi the reaction with saturated 
sodium bicaibonate, add ethyl acetate^ and wash the organic layer with sodium 
bicarbonate arid brine. Dry the organic layer over sodium sul&te, concentrate in vacuo, 

15 and chiomatogrq)h using a chiomatotron (2 mm plate) with 30% ethyl acetate/hexane to 
yield Example 1 1 (50 mg, 26%) as a light pink solid *H NMR (MeOD): 7.20 (d, J = 8.2, 
2H), 6.75 (d, J = 8.2, 2H), 6 JO (d, J = 8.2, IH), 6.56 (d, J - 2.8, IH), 6.52 (dd, J - 2.7, 
8.2, IH), 4.70 (d, J = 3.5, IH), 3,20 (d, J - 10.5, IH), 2.92^2.83 (m, IH), 1.61-1.53 (m, 
2H), 1.49-L20 (m, 5H), 1.05-0.95 (m, 4H), 0.50 (t, J = 8.8, 3H). MS calcd 338.2; MS 

20 (M-1) 337.2. 
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Example 12 

Preparation of f%-2-^4-hvdroxvphenvn-6-mefeoxv^vclopentv!rc13 



To a solution of Preparation 66 (0.40 g, 1 .00 mmol) in anhydrous methanol (20 
mL) add p-toluenestilfomc acid (47 mg, 0.75 mmol) and heat the resulting solution to 
SO^C for 18 hours* Cool the reaction to ambient temperature and add bromocreosol green 
(10 mg) and sodium cyanoborohydride (0.3 1 g, 5.00 mmol). Add methanol satmated witii 
HQ (gas) dropwise until yeUow color is niaintained. Stir the reaction one hour past Ifae 
time v^en no more color change was observed Quench the reaction with saturated 
sodium bicarbonate, add ethyl acetate, and wash the organic layer with sodium 
bicarbonate and brine. Dry the organic layer over sodium sulfate, concentrate in vacuo, 
and flash chromatograph with 40% eOiyl acetate/hexane to yield Example 12 (0.15 g, 
51%) as a light purple solid. NMR (CDCI3): 7.33 (d, J ^ 8.2. 2H), 6.85-6.82 (m, 3H), 



6.72^.66 (m, 2H), 5.27 (s, 1H>, 5.05 (d, J = 2.0, IH), 3.79 (s, 3H>, 3.50-3.45 (m, IH), 
2.58-2.54 (m, IH), 2.19-2.11 (m, IH), 1.84-1.79 (m, 2H), 1.67-1.58 (m, IH), 1.55-1.68 
(m, 2H). MS calcd. 296.1; MS (M-1) 295.1. 




lacemic 
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Example 13 

Preparation of (^■2-f4-hvd roxv-3-methvlphenvlV6-hvd^ 

2H'-l"benzopyran 




racemic 



To a solution of Preparation 67 (0.51 & 1.10 mmol) in anhydrous methanol (15 
mL) under nitrog^a gas bubbling to purge of oxygen was added p-toluenesulfonic add 
(0. 17 g» 0.86 mmol). The bubbler was removed, and the resulting solution was heated to 
50*^0 fiir 18 hours under a nitrogen atmosphere. To the mixture at ambient tmipeiature 
was added bromocieosol green (^1 mg) and sodium cyanoborohydride (0.35 g, S.SO 
mmol). Me&anol saturated witti HCl (gas) was added portionwise over time to yng^nit^m 
the yellow color. After no more spontaneous color change to blue was observed, ttie 
mixture was partitioned between diefhyletiier and saturated potassium sodium tartrate 
aqueous. The organic kyer was dried over anhydrous sodium sul&te, conce^^ 
vacuo, and flash chromatographed on silica gql with 3% dietihyletherAnefhylene chloride 
to give 0.11 g (34%) of a cis/trans mixture (3:2) of stereoisomos. Reverse phase 
chromatogrq>hy on a CI 8 column with an acetonitrile/water gradient plus 0.1 % TFA gave 
10 mg (3%) of the cis-fused Example 13. ^HNMR (DMS0-d6): 9.30 (s, IH), 8.81 (s, 
IH), 7.10 (s, IH), 7,03 (d, J = 8.2, IH), 6.74 (d, J = 8.2, IH), 6.63 (d, J = 8.2, IH), 6.55 
(d, J = 2.8, IH), 6.47 (dd, J « 2.7, 8.2, IH), 4.95 (s, IH), 3.37 (m, IH), 2.55 (m, IH), 2.12 
(s, 3H), 2.02 (m, IH), 1.65-1.24 (m, 5H). MS calcd. 296.3; MS (M-1) 295.1. 
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Example 14 

Prgparation of f*l--2-^4-hvdroxv-3-meih\it)henvlV6-hvdiox^ 

2H-I>ben20pvran 




lacemic 



The tians-iused containing product band was re-chromatographed on a CI 8 
reverse phase column with 40:60 acetoniirile/water to give 8.2 mg (2%) of the trams- 
fiised Example 14. NMR (DMS0-d6): 9.05 (s, IH), 7.10 (s, IH), 7.03 (d, J « 8^, IH), 
10 6.74 (d, J = 8.2, IH), 6.62-6,55 (m,2H), 6,47 (dd, J « 2,7, 8.2, 11^^ 

2.95 (m, IH), 2.43 (m, IH), 2.20 (m, IH), 2.12 (s, 3H), L70-L40 (m. 4H), 1,17 (m, IH). 

Example IS 

Preparation of f^-2-(2-methvl-4-hvdroxvphenvlV6"hydroxv-cvclopentYi 
15 2H-l-teizopvran 




To a solution of Preparation 68 (0.3 1 g, 0.70 mmol) in anhydrous methanol (15 
2 0 mL) under nitrogen gas bubbling to purge of oxygen was added p-toluenesulfonic add 
(0.10 g, 0.52 mmol). The bubbler was removed, and the resulting solution was heated to 
50X for 18 hours under a nitrogen atmosphere. To the mixture at ambient temperature 
was added faromocieosol green (~1 mg) and sodium cyanoborohydride (0.22 g, 3.5 
mmol). Methanol saturated with HCl (gas) was added portionwise over time to «iaintai> 
25 the yellow color. After no more spontaneous color change to blue was observed, the 
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mixture was pardtioned between eth}dether aiul water. The organic la^ was dried over . 
anhydrous sodium sulikte^ concentrated in vacuo, and flash chromatographed on silica gel 
with 3% diethyleUier/inefhylene chloiide to give 0.07 g of crude product Reverse phase 
dhromatography (m a C18 colunan with an acetonitrile/water gradient plus 0.1% TFA after 
5 lyophilization gave 17 mg (8%) of Exan5)le 15 as a red gum. NMR (DMSO-d6): 9.21 
(s, IH), 8.83 (8, IH), 7.26 (d, J = 8.0, IH), 6.60 (d, J = 7.6, 2H). 6.56 (s, 2H). 6.47 (dd, J - 
7.6, 2.8, 2H), 5.04 (s. IH), 3.42 (m, IH), 2.50 (m, IH), 2.19 (s, 3H), 2.07 (m, IH), 1.64- 
1.18 (m,5H). 

10 Preparation 69 




Preparations Mow that in Tetrahedron, 53, 39, 1997, ppl3329-13338. Cool a 
solution of 4-meftiOxyphenol (7.5 g, 60.67 mmol) in sulfuric add (12 mL, 12L3 

15 nimol)/TFA (9.0 mL, 121.3 mmol) to O^C and add methyl 2-oxocyclopentane caiboxylatB 
(17.25 g, 121 .3 mmol). Stir at ambient temperature for 48 hours. Pour into saturated 
sodium bicarbonate until basic, then add eth>d acetate and wash with 1 N sodium 
hydroxide and brine. Dry the organic layer over sodium sulfate, concentrate in vacuo, and 
flash chromatogr^h with 100% dichloromethane. Precipitate resulting erode product 

2 0 fix>m dichloromethane/hexane to yield Preparation 69 (1 .84 g, 1 7%) as a light yellow 
soUd. ^H NMR (CDQa): 7.25 (d, J = 7.3, IH). 7.03 (dd, J = 2.9, 8.8, IH), 6.82 (d, J = 
2.9, IH), 3.82 (s, 3H), 3.03 (t, J = 5.7, 5.8, 2H), 2.90 (t, J - 7.3, 8.1, 2H), 2.23-2.15 (m, 
2H). MS calcd. 216.1; MS (M+i) 217.1. 



25 
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Preparation 70 




Cool a solution of phenol (5.00 & 53.19 nunol) in 80% sulfiiric acid (60 mL) to 



5 0**C and add methyl 2-oxocyclopcntane caiboxylate (1 8.88 g, 133.97 mmol). Stir at 
ambient temperature for 48 hours. Pour into saturated sodium bicarbonate until basic^ 
then add e&yl acetate and wash vnih 1 N sodium hydroxide and brine. Diy the organic 
layer over sodium sulfate, concentrate in vacuo, and flash chiomatogr^ with 100% 
dichloromethane. Predpitate resulting crude product £x)mdichloromeihane/hexane to 



10 yield Preparation 70 (1 .32 g, 13%) as a white soHA *H NMR (CDQa): 7.46-7.40 (m, 
2H), 7.35-7.32 (m, IH), 7.26-7.22 (m, IH), 3.09-3.4 (m, 2H), 2.93-2.88 (m, 2H), 2.24^ 
2.18 (m, 2H). MS calcd. 186.1; MS (M+1) 187,1. 



Cool a solution of methyl hydroquinone (4.09 g, 33.00 mmol) in 80% sulfuric acid 
(40 mL) to O^C and add methyl 2-oxocyclopentane carbox^ate (1 1 .70 g, 82.50 mmol). 
Stir at ambient temperature for 48 hours. Pour into saturated sodium bicarbonate until 

20 basic, then add ethjd acetate and wash wifh IN sodium hydtoxide and brme. Dry the 
orpnic layer over sodium sulfite and cojoicentiate in vacuo. Dissolve tiie crude solid in 
IN NaOH, wash witib diethyl ether, then precipitate out of aqueous layer with IN HQ. 
Filter &e mixture to yield Preparation 71 (3.10 g, 43%) as a tan solid. NMR (d6- 
DMSO): 9.61(8, IH), 7.11 9s, IH), 6.78 (s, IH), 2.67 (t, J = 6.4, 7,3, 4H), 2.15 (8,3H), 

25 2.08-2.01 (m, 2H). MS calcd. 216,1; MS (M+l) 217.1, 



Preparation 71 



15 
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PreiMration72 



HO 




0^0 



Cool a solution of hydFoquinone (3.10 g, 28.17 mmol) in 80% sulfuric acid (40 



5 mL) to O^C and add methyl 2-oxocyclopentane caiboxyiate (1 0.00 g, 70.42 mmol). Stir at 
ambient tempetature for 9 days. Pour into ice water and filter. Dissolve solid in methanol 
and concentrate in vacuo. Dissolve solid in chloroform, filter hot, and concentrate in 
vacuo. Ckomatogr^h filtrate with 4% methanol/chloiofoim to yield Prqniation 72 
(1 .10 g, 19%) as a light yellow solid. 'H NMR (de-DMSO): 9.67 (s, IH), 7.23 (d, J 8.8, 
10 IH). 6.95 (dd, J = 2.9, 8.8, IH), 6.84 (d, J = 2.4, IH), 2.98 (t, J = 6.8, 8.3, 2H), 2.71 (t, J = 
7.3, 7.3, 2H), 2.10-2.02 (m. 2H). MS calcd. 202.2; MS (M+1) 203.2. 



Stir a solution of 4-liromopheiaol (25.00 g, 144.5 mmoQ, t-but^dimeOylsil:^ 
chloride (23.96 g, 158.95 mmol), and imidazole (10.82 g, 158.95 mmol) in anhydrous 
DMF (200 mL) for 18 houis. Add dieOiyl ether, wash widi water and brine, and dry the 
organic layer over sodium sutfote. 0>ncaitt8te in vacuo and flash doomatograph with 
20 10% ethyl acetate/hexane to yield Preparation 73 (40.98 g, 99%) as a clear ofl. *HNMR 
(CDCU): 7.24 (d, J = 8.8. 2H), 6.73 (d, J = 8.8, 2H), 0.99 (s, 9H), 0.20 (s, 6H). 



Preparatjffl?? 




15 



wo 03/044006 PCT/USOZ/33622 

-85- 

PreDaration74 




Stir a solution of Preparation 71 (2.20 g, 10.19 mmol), t-butyldime&jdsilyl 
5 chloride (2.30 g, 15.28 mmol), and iaddaziole (1.04 g, 15.28 mmol) in anhydrous DMF 
(200 mL) for 18 hours. Add diethyl ether, wash with water and brine, and dry the organic 
layer over sodium sulfate. Concentrate in vacuo and flash chromatograph with 20% ethyl 
acetate/hexane to yield Preparation 74 (3.33 g, 99%) as a white solid. NMR (CDCly): 
7.16 (s, IH), 6.75 (s, IH), 3.04-3.00 (m. 2H), 2.98-2.90 (m, 2H), 229 (s, 3H), 2.25-2.20 
10 (m,2H),1.04(s,9H),0.24(8,6H). 



CH3 CH, 



15 



Cool a solution of Preparation 73 (2.04 g, 7.1 1 mmol) in anhydrous THF (25 mL) 
to -78*'C and add sBuLi (1 J M in cydohmcane, 5.5 soL, 7.1 1 mmol) dropwise. Stir the 
sohition for 1 5 minutes at -78''C, then use without furber purification. 
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preparation 76 




0^0 



Add t-butyldimethylsayl chloride (1.00 g, 6.68 mmol) to a stirred solution of 



5 Preparation 72 (0-90 g, 4,45 mmol) and imidazole (0.45 g, 6.68 mmol) in anhydrous DMF 
(1 S mL). Stir the resulting solution 48 hours, then quench with saturated sodium 
bicarbonate. Add dieth>d ettier, wash with brine, dry organic layer over sodium sulfete, 
and concentrate in vacuo. Chromatograph &e resulting crude material with 10% ethyl 
acetate/hexanes to yield Preparation 76 (1.01 g, 72%) as a white solid NMR (CDCla): 



10 7.24 (d, J = 4.4, IH), 6.96 (dd, J = 2.9, 9.3, IH), 6.82 (d, J = 2,5, IH), 3.03 (m, 2H) 2.93 
(m,2H),2.20(m,2H). MScalcd. 314;MS (M+l)315- 



Cool a solution of Preparation 76 (O.SO g, 1 .58 mmol) in anhydrous 
dichloromethane (30 mL) to -78*C and add diisobutylaluminum hydride (1 .OM m 
toluene, 1.8 mL, 1.81 mmol) and stir 3 hours. Quendi with methanol (5.0 mL) and warm 
to ambient temperature. Add etb^ acetate and wash with bicaAonateaiid brine. Drythe 
20 organic lay-over sodium sul&te and concentrate in vacuo. RedissoWe the resulting 
foam in anhydrous TOP (1 0 ml) and cool to -78*C. Add Preparation 75 (0.21 M, 22.5 
mL» 4.74 mmol) and stir 10 minutes. Add IN KCl (50 mL), warm to ambient 
temperature, and stir 30 niinutes. Add ethyl acetate and wash witti brine. Dry the organic 



Prepqrpt^9n77 




15 



wo 03/044006 



PCTAIS02/13622 



-87- 



layer ov^ sodium sulfate and concentrated in vacuo to yield Prepaiation 77 (0.81 & 
100%) as a red oil. Thismatenal was used in the next step without fi^^ 

Exampte 
PteparatiCT^of 

5 (^2-(4-hvdroxv phenvIV6-hvdroxv-cvcIopentvirc13.4H^^ 




Stir a solution of Pteparation 77 (0.81 g» 1.S8 mmol) and tetrabut^ammonium 
1 0 fluoride (1 .0 M in THF, 6.3 mL, 632 mmol) in THF (20 mL) at ambient tenqperatuie for 
30 minutes, tben add IN HCl (7mL) and stir 5 minutes. Add eih^ acetate, wa&h with 
concentrated bicarbonate and brine, dry the organic layer over sodium sul£Ette» and 
concentrate in vacuo. Flash chronuitogrsQdi the crade product with S% 
methanol/dichloromethane. Redissolve the resulting niaterial in meflianol (10 mL), add 
15 5% palladium on carbon (60 mg) and ammonia (2.0M in methanol, 0.2S mmol, 0.13 mL), 
pkce a hydrogen baUoon on the reaction, and stir at ambient tmpecat^ FUtar 
the reaction tfarougli celite, concentrate in vacuo, and flash chromatogjaph with 10% 
diethylefhor/dichloromettiane to yield Example 16 (40 mg, 10%) as li^t pmk solids. 
NMR (MeOD): X19 (d, J = 8.8, 2H), 6.75 (d, J « 8.3, 2H), 6.62 (m, 2H), 6.47 (dd, J = 
20 2.9, 8.8, IH), 4.14 (d, J ^ 1 1.3, IH), 3.00 (m, IH), 2.48 (m, IH), 2.28 (m, IH), 1.70 (m, 
2H), 1.56 (m, 2H), 1.28 (m, IH). MS calcd. 282; MS (M+1) 283. 
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PiepaiationTS 




lacemic 



5 Cool a solution of Preparation 69 (0.76 g, 3.52 mmol) in anhydrous 

dichlorometfaane (60 mL) to -78^C and add diisobutylalunoinum hydride (i .CM in 
toluene, 3.9 mL, 3.87 mmol) and stir 2 hours. Quench witii methanol and warm to 
ambient teixq)eiature. Add ethyl acetate and wash with bicarbonate and farine. Dry the 
organic layer over sodium sul&te and concentrate in vacuo. Redissolve the tesultmg 

10 foam in anhydrous THF (10 ml) and cool to O^C Addaryigrmiard(0.51 M,3.6mL, L84 
mmol) and stibr 10 minutes. Add IN HCl (50 mL), warm to ambient teiiq)erature, and stir 
30 minutes. Add ediyl acetate and wash widi brine. Dry the organic layer over sodixmi 
sulfate, concentrate in vacuo, and flash chromatogr^h with 50% dichloromcthane/hexane 
to yield Preparation 78 (0.33 g, 30%) as a red oil. NMR (CDCh): 7.33 (d, J = 8.3, 

15 2H), 6.89 (d, J = 8.8, 2H), 6.80 (d, J - 8.8, IH), 6.68-6.63 (m, 2H), 5.04 (d, J = 2.5, IH), 
3.80 (s, 3H), 3.75 (s, 3H), 3.47-3.43 (m, IH), 2.60-2.54 (m, IH), 2.14-2.09 (m, IH), 1.82- 
L76 (m, IH), 1.67-1.57 (m, IH), 1.50-1.30 (m, 3H). 



wo 03/044006 



PCTArS02/33622 



-89- 
PfeDaKrtion79 




H3C CH3 



Cool a solution of Preparation 70 (0.44 g, 2.37 iximol) in anhydrous 
5 dichloromethane (40 mL) to -78°C and add diisobutylaluminum hydride (1 .OM in 
toluene, 2.8 mL, 2.84 mmol) and stir 2 hours. Quench with methanol and warm to 
ambient temperature. Add ethyl acetate and wash with bicarbonate and brine. Dry the 
organic layer over sodium sulfate and concentrate in vacuo. Redissol ve the resulting 
foam in anhydrous THF (10 ml) and cool to -78°C. Add Preparation 75 (0.21 M, 35;5 

1 0 inL» 7«11 mmol) and stir 10 minutes. Add IN HCl (SO mL), warm to ambitet 

tenq>erature, and stir 30 minutes. Add eth^ acetate and wash with biine. Dry the organic 
layer over sodium sulfate and concentrated in vacuo to yield Piepaiation 79 (0.40 g, 43%). 
This n:iaterial was used in tiie next stqp without fur^ ^HNMROMeOD): 
7.25-7.18 (m, 2H), 7.1-7.08 (m, 6.91-6.83 (m, 2H), 6.80-6.75 (m, 2H), 4.90 (m, 2H), 

15 335-3.31 (m, IH), 2.81-2.60 (m, 3H), 2.28-2.17 (m, IH), 1.98-1-90 (m, 2H0, LOO (s, 
9H). 0.24 (s, 6H). MS calcd. 396,2; MS (M-1) 395.4. 
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H3C CH3 

H,C^e,-CH3 



■3^ .Si 




Cool a solution of Prq)aiation 74 (1 .00 g, 3.03 mmol) in anhydtous 
. 5 dichloromethane (60 mL) to -78^C and add diisobuQilaluminum hydride (LOM in 
toluene, 3.6 mL, 3.63 mmol) and stibr 2 horns. Quench with methanol and waim to 
ambient temperature. Add etix^ acetate and wash with bicarbonate and brine. Dry the 
organic layer over sodium sul&te and concentrate in vacuo. Redissolve tibe resulting 
foam in anhydrous THF (10 ml) and cool to -78'*C. Add Preparation 75 (1321 M, 45.4 
10 mL, 9.09 mmol) and stir 10 minutes. Add IN HCl (SO mL), warm to ambient 

temperature, and stir 30 minutes. Add ethyl acetate and wash with brine. Drytheoiganic 
layer over sodium sulfate and concentrated in vacuo to yield Preparation SO (0.51 g, 99%) 
as a red oil. This material was used in the next step without further purification* NMR 
(CDCI3): 7.30 (d, J = 8.2, 2H), 6.87 (d, J = 8.6, 2H), 6.70 (s, IH), 6.60 (s, IH), 5.50 (s, 
15 IH), 4.99 (s, 2H), 2.93-2.69 (m, 4 H), 2.38-2.32 (m, IH), 2.28 (s, 3H), 2.09-1 .95 (m, 2H), 
1.09 (s, 9H), 1.08 (s, 9H), 0.32 (s. 6H), 0.22 (s, 6H), MS calcd, 540.3; MS (M-1) 539.1. 
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Place a solution of Preparation 78 (0.33 g, 1 .07 nunol) and 5% palladiuin on 
10 caibon (33 mg) inmetbanol (SO mL) under 60 psi hydrogen at ambient temperature on a 
parr shaker and shake ovemii^t Flush the mixture with nitrogen, filter through ceiite, 
and concentrate in vacuo. Flash chroiiiatognq)h the resulting oil witti 60% 
dichloromethane/hexane to yield Preparation 81 (90 mg, 27%) and Prq>aratiQn 82 (SO mg, 
15%) as light pink solids. Preparation 81 - 'H NMR (CDCI3): 7.35 (d, J = 8.6. 2H), 6.90 
15 (d, J « 8.6, 2H), 6.81 (d, J = 8.8, IH), 6.68-6.63 (m, 2H), 5.04 (d, J = 2.5. IH), 3.79 (s, 

3H), 3.75 (s, 3H), 3.47-3.43 (m, IH), 2.58-2.52 (m, IH), 2.17-2.08 (m, IH), 1.83-1.76 (m, 
IH), 1.69-1.58 (m, IH), 1.52-1.35 (m, 3H). MS calcd, 310.2; MS (M+1) 31 12. 

Preparation 82 - 'H NMR (CDOa): 7.31 (d, J = 8.6, 2H), 6.90 (d, J = 8.7, 2H), 
6.82 (d, J = 8.8, IH), 6.74 (d, J >= 2.9, IH). 6.67 (dd, J = 2.9, 8.8, IH), 4,24 (d, J = 10.8, 
20 IH), 3.80 (s, 3H), 3.75 (8, 3H), 3.12-3.06 (m, IB), 2.58-2.50 (m, IH), 2.37-228 (m, IH), 
1.78-1.70 (m, 2H), 1.63-1.55 (m, 2H), 1.34-123 (m, IH). MS calcd. 310.2; MS (M+1) 
311.2. 
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Exampte 17 



Pttyaratioii of f^-2-f4-hvdimvphcBnvlVcvc lopent^r^^ 



PtepamtioDoff ^2-f4-hvdroxvDhenvlUvcloT)entvirc13,4^ 



Stir a solution of Prcparati<ni 79 (0.40 g» l.OlmmoI) and tetrabutylammonium 
fluoride (1,0 M in THF, 1.1 mL, 1,10 mmol) in THF (5 mL) at ambient tenq^erahiie for 
30 minutes, then add 1 N HCl (5 mL) and stir 5 minutes. Add ethjd acetate, wash with 
concentrated bicaibonate and brine, dry the organic layer over sodium sulfate, and 
concentrate in vacuo. Redissolve the crude naaterial in methanol (10 mL) and add 
ammonia (2.0 M in mefhanol, 0.26 mU 0.52 mmol). Add 5% palladium on caibon (30 
mg), place a hydrogen balloon on the reaction, and stn: at ambient temperature overnight. 
Filter the reaction throu^ celite, concmtrate in vacuo, and flash chromatogr^h with 2% 
diethyl ether/dichlorometfaane to yield Examples 17 and 18 as lig^t pink foams. 



Example 17 - NMR (d6-DMS0): 9.41 (s, IH), 7,24 (d, J - 8.6, 2H), 7.10 (d, J 
= 7.5, IH), 7.02-6.99 (m, IH), 6,87-6,80 (m, 2H), 6.73 (d, J «= 8.6, 2H), 5.02 (s, IH), 3.42- 
3.38 (m, IH), 2.55 (m, IH), 2.11-2.01 (m, IH), 1.79-1.71 (m, IH), L58-L49 (m, IH), 
1.42-1.25 (m, 3H). MS calcd. 266.2; MS (M-1) 265.2. 

Example 18 - ^HNMR (ds-DMSO): 9.42 (s, IH), 7.22 (d, J = 7.0, 3H), 7.04 (t, J = 
7.4, 7.9. IH, 6.86 (t, J - 7.4, 7.4. IH), 6.76-6.73 (m, 3H), 4.25 (d, J = 11.00, IH), 3.05- 




lacemic 



Example 18 




racemic 
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2.98 (m, IH), 2.48-2,41 9M, IH), 2.35-2.22 (m, IH), 1.684.22 (m, 2H), 1.56-1.48 (m. 
IH), 1.21-1.13 (m, IH). MS calcd. 266,2; MS (M-1) 265.2. 

5 Preparation of fV2-f4-hvdK)XVDheii^V6^hvdmxvL7-met^^ 

2H-l-beP2opvran 



15 




raceimc 



10 ftMPlegO 

Preparation of 
f^-2-f4-hvdiX)xvDhenvlV6-hvdrDxv-7-m^^^ 




raceimc 



Stir a solution of Preparation 80 (0.42 g, 0.78 mmol) and tetrabutylanunonium 
fluoride (1 ,0 M in THF, 1.6 mL, L63 mmol) in THF (20 mL) at ambient temp^tuie for 
30 minutes, then add 1 N HCl (7mL) and stir 5 minutes. Add elhjd acetate, wash with 
concentrated bicarbonate and brine, dry the organic layer over sodium sulfate, and 

20 concentrate in vacuo. Hash chromatograph the crude product with 60% ethji 

acetate/hexane. Redissolve the resulting material in methanol (1 0 mL), add 5% palladium 
on carbon (60 m^^ place a hydrogen balloon on fte reacti(m» and stir at ambimt 
tenipeiature ovemiglfat Filter the reaction ttiroog)iceUt6,c(mce(ntrate in vac^ 
chromatogrqph with 3% methanol/diehloromethane to yield B)uuiq;)les 19 and 20 as ti ght 

25 pink solids. 
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Exainple 19 - NMR (MeOD): 7.24 (d, J = 9.0, 2H). 6.77 (d, J = 9.3, 2H), 6.56 
(8, IH), 6.54 (8, IH), 4.92 (d, J = 1.6, IH), 3.39-3,31 (m, IH), 2.58-2.49 (m, IH), 2.15- 
2.03 (m, 4H), 1.79-1.71 (m, IH), 1.63-1152 (m, IH), 1.49-1.28 (m, 3H). MS calcd. 296.1; 
MS (M-1) 295.1. 

5 Example 20 - 'H NMR (MeOD): 7.22 (d, J « 8.6, 2H), 6.78 (d. J = 8.7, 2H), 6.59 . 

(s, IH), 6.52 (s, IH), 4.17. (10.9, IH), 3.01-2.92 (m, IH), 2.56-1.45 (m. IH), 2.31-2.22 
(m, IH), 2.10 (s, 3H), 1.78-1.62 (m, 2H), 1.59-1.50 (m, 2H), 1.33-1.25 (m, IH). MS 
calcd. 296.1; MS (M-1) 295.1. 

10 Preparation 83 




Cool a solution of hydroquinone (6.0 g, 54.49 mmol) in 80% sulfuric acid (20 mL) 
to O^C and add dHayl 2-oxo-cyclohexane carboxylate (19.48 g, 1 14.43 nunol). Stir at 

15 ambient temperatine for 24 hours. Pour into ice water and collect precipitate by vacuum 
filtration. Wash the collected solid with ample 1^0. Dissolve solid with 4% 
methanol/chloroform and chiomatogrq)h on flash column (silica gel; 2-5% MeOH 
gradient in CH2CI2), to yield the Preparation 83 (3.40 g, 29%) as an ofT-wbite amcnphoiis 
solid. 'HNMR (d6-DMS0): 9.59 (s, IH), 7.13 d, J = 9.7, IH), 6.89-6.92 (m, 2H), 

20 2.62-2.65 (m. 2H). 2.33-2.36 (m, 2H), 1.64-1.74 (m, 4H); MS (IS) m/e 217 (M+1). 
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Prgparation84 




Stir a solution of Preparation 83 (2.82 g, 13.06 mmolX t-butjidimethylsilyl 



5 chloride (2.95 g, 19,58 mmol), imidazole (L7S g, 26.11 mmol) and 4- 

(dinietliylamino)pyridine (0.32 g, 2.61 mmol) in anhydrous DMF (75 mL) for 18 hours at 
ambient temperature. Add saturated aqueous sodium bicarbonate and extract with eth>d 
acetate. Wash the combined extracts with saturated aqueous sodium bicarbonate, water 
and brine, dry (sodium sulfate) and ev£q)orate to provide a light yellow solid Puriiy the 
1 0 resulting solid by flash chromatography (silica gel; 10-20 diethji ether gradient in 



hexanes) to yield Preparation 84 (3.80 g, 88%) as a white solid. ^fMR (CDCI3): 7.35 
(d, J = 2.93 Hz, IH), 7,06 (d, J ^ 8.80 Hz, IH), 6.90 (dd, J = 9.29, 2.94 Hz, IH), 2.44 (t, J 
= 6,36 Hz, 2H), 2.36 (t, J = 6.36 Hz, 2H), L624.66 (m, 2H), 1.52-1.57 (m, 2H), 0.78 (s, 
9H0iO.0O(s,6H);MS (IS) m/e 331 (M + 1) * 



20 tetrahydroiuian (35 mL) to -78^C and add a 1.0 molar solution of diisobutylahixniximn 
hydride in tolume (3.48 mL, 3.48 mmol) drppwise, so tmperataue does not rise above 
eS^'C. Stir the reaction at-78°C for 3.5 hours. Clench the reaction witii saturated 
aqueous ammonium chloride and saturated aqueous potassium sodium tartrate^ fiien warm 



15 




Cool a solution of Preparation 84 (LOO g, 3.03 mmol) in anhydrous 
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fhe lesultkig mixture to ambient temperature. Extract the resulting aqueous mixture with 
ethyl acetate. Wash the combined extracts with saturated aqueous potassium sodium 
tartrate and faiine^ then dry (sodium sulfate) aiui concents Dissolvefhe 
resulting white crystalline solid in anlQidrous THF (30 ml)* Add it dropwise over 30 
5 minutes to a 48^C stirring solution of Preparation 75 (8.91 mmol) in anhydrous THF (18 
mL). Stir the reaction at -78^C for 1.S hours. Add water (50 mL) and saturated aqueous 
sodium bicaibonate (50 mL)^ ibm warm to ambient temperature, and stir 30 minutes. 
Extract the resulting aqueous mixture with diethyl ether then ethyl acetate. Wash the 
combined organics with saturated aqueoiis potassium sodium tartrate, water and brine, 
1 0 then diy (sodium sxiLfate) and concentrate in vacuo. Purify the resulting material on a 

flash column (silica gel; 25-60% ethyl acetate gradient in hexanes) to yield Preparation 85 
(1.10 g,67%)as an off-white foam solid. MS (IS) m/e 539 (M - 1) ; 



pre paration 86 




Stir a solution of Preparation 85 (0.89 g, 1.65 mmol) and tetFabut^ammonium 
fluoride (1 .0 M in THF, 3.46 mL, 3.46 mmol) in THF (25 mL) at ambient temperature for 

20 10 minutes, tiien add TFA (0.65mL, 8.2 mmol) and stir for 4 hours. Pour reaction 

mixture over cold saturated aqueous sodium bicarbonate. Extract the resulting aqueous 
mixture into etibyl acetate. Wash the combined extracts with brine, dry (sodium sulfite) 
and concentrate in vacuo. Flash cfaromatogr^h flie crude product (silica geU 25-50% 
eth^ acetate gradient in hexanes) to provide the product Preparation 86, 410 mg (85%), 

25 MS(IS)i«/c295(M+l); 
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RMinple21 

r*^-2.<^4-hvdroxvrAmviVS-hvd ro3cv-cvclohexv!rel3.4-dihv^ 



Dissolve Preparation 86 (380 mg, 1.30 mmol) in methanol (17 mL), add a 2.0 M 
solution of ammonia in metiianol (0.323 mL, 0.65 mmol) and 5% paUadinm on carbon 
(225 mg). Place a hydrogen balloon on the reaction, and stir at ambient tenq)etatiire 
overnight Filter the reaction tiuougji celite, concentrate in vacuo, and flash 
chromalograph tiie resulting material (silica gel; 25-45% efbyl acetate gradient in 
hexanes) to yield ]&caiDple 21 as a light pink solid foam, 190 mg (50%). Example 21 - 
NMR (DMS0-d6): 9.30 (s, IH), 8.77 (s, IH). 7.16 (d, J = 8.60 Hz. 2H), 6.73 (d, J = 8.60, 
2H), 6.67 (app d, J = 235 Hz, IH), 6.63 (d, J = 8.60 Hz. IH), 6.49 (app dd, J = 9.00, 2.74 
Hz, IH), 4.99 (s, IH), 3.29-3.34 (m, IH). 2.24-2.28 (m, IH), 1.89-1.94 (m, IH), 1.59-1.65 
(m, IH), 1.47-1.56 (m, IH), 1.33-1.39 (m, IH), 0.90-1.12 (m, 4H). MS (IS) m/e 295 
(M - 1) . 



(%2-f4-mettoxvDhemdV6-metfaoxv-cv clopent^rc13.4-dihydro-2H-l-benzoDvian 




racemic 



Example 22 
Preparation of 




CH3 



racemic 



See preparation 8 1 . 
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f%2-f4-me<faoxvDlMmvlV^-niethaxv-cvclft pentvirc13.4-^ 




SeeprBparation82. 



lacemic 



Ereparation 87 




racemic F 



Preparation 88 




racemic 



Stir a solution of Example 1 (0.100 & 03S4 mmol) and cesium caibonate (0.287 
g, 0.88 mmol) in DMF (5 mL) fiir 5 mimites. Add N-phenyltriflamide (0.136 g, 0.38 
nmaol) in one portion, and aUow the solutionto stir for 16 hours. Add saturated aqueous 
sodium Ucarbonate and extract with eOnyl acetate. Wash the combined extracts with 
saturated aqueous sodium bicarbonate, water (2X) and brine, dry (sodium sulfate) and 
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evapaalto to provide a yeinow solid Puriiy the xcsultiDg solid by flash duomalogiaplqr 
(silica gd; 0-10-25 efhji acetate gradient in hexanes) to separately yield Preparation 88 
(0.038 g, 20%) foUowed by Preparation 87 (0.052 & 36%) as white soUds. 'HNMRof 
Preparation 88 (CDOs): 7.54 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8.4 Hz, 2H), 7.1 1 (d, J = 
2.8 Hz, IH), 7.02 (dd, J = 2.8, 9.0 Hz, IH), 6.96 (d, J = 9.0 Hz, IH), 5.22 (d, J - 2.0 Hz, 
IH), 3.57 (dt, J = 2.8, 7.8 Hz, IH), 2.65 (m, IH), 2.22 (m, IH), 1.82 (m, IHX 1:55 (m, 
3H),l,38(m,lH). 'H NMR of Preparation 87 (CDCI3): 7.54 (d, J = 8.0 Hz, 2H), 7.29 
(d, J = 8.0 Hz, 2H), 6.79 (d, J = 8.8 Hz. IH), 6.67 (d, J = 2.8 Hz, IH), 6.61 (dd, J = 2.8. 
8.0 Hz, IH), 5.12 (d, J = 2.0 Hz, IH), 4.55 (br s, Ih), 3.49 (dt, J = 2.8, 7.8 Hz, IH). 2.62 
(dq, J = 2.4, 8.4 Hz, IH), 2.16 (m, IH), 1.80 (m, IH), 1 .53 (m, 3H), 1.31 (m IH). 

Example 24 
Preparation of 

r^-2-(4-ammoiMrbonvlr)hen^V6-anuiK)carbonvl-cvclopent^[ c13i4-^^^" ^ 

benzopvran 




Stir a solution of Preparation 88 (0.038 g, 0.07 mrnol) and palladium^ 
bis(triphen^hos[dmie)-dichlQridB (0.003 g, 0.0035 mrnol) in DMSO (1 mL) and 
hfixameth>ldisU}4azane (0.25 mL). Add an atmospheric blanket of carbon monoxide and 
heattheTBactionto80Cforl6hour8. Allow flie reaction to cool to room traqwratute. 
Add saturated aqueous sodium bicarbonate aiid extract with ethyl acetate. Washtibie 
combined extracts with saturated aqueous sodium bicarbonate, water (2X) and brine, dry 
(sodium sulfide) and evirate to provide a yellow solid. Purify the resulting solid by 
flash chromatography (silica gel; 0-50-80 ethyl acetate gradient in hexanes) to afford 
Example 24 (0.01 1 g, 47%) as a white soHd. 'H NMR of Example 24 {CDCh): 7.85 (d, J 
= 8.4 Hz, 2H). 7.54 (d, J = 8.4 Hz, 2H), 7.10 (d, J = 2.8 Hz, IH), 7.03 (dd, J =2.8, 8.0 Hz, 
IH), 6.97 (d, J = 8.0 Hz, IH), 6.10 (hr s, 2H), 5.80 (hr s. 2H), 5.24 (d, J = 1.6 Hz, IH), 
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3.57 (hr t, J » 7.8 Hz, IH), 2.68 (m. IH), 2.21 (m, IH), 1.80 (m, IH), 1.53 (m, 3H), 1.34 
(m, IH). 



r^-9.r4-«minnciiifa<»ivlDhfmvi^.6.hvdroxv^CTclc^ 



10 bi8(tripheny]phosphine)-dicliloiide (O.OOS g, 0.006 mmol) in DMSO (1 mL) and 

hexamefb^disilylazane (0.25 mL). Add an atmospheric blanket of cazbon monoxide and 
beat fte reaction to 80 Cfiff 16 houRS. Allow the reaction to cool to room tem|)ecBtare. 
Add saturated aqueous sodium bicarbonate and extract vdih edx^ acetate. Wash flie 
combined extracts with saturated aqueous sodhun bicarbonate, water (ZX) and brine, diy 

15 (sodium sulfiite) and evqxirate to provide a yellow solid. Purify the resulting solid by 
flash duomatogrqihy (silica gel; 0-50-80 ethyl acetate gradient in hexanes) to afford 
Example 25 (0.022 g, 47%) as a vMto soHd. 'H NMR of Bxan^le 25 (CDGa): 7.83 (d. J 
= 8.2 Hz, 2H), 7.54 (d, J = 8.2 Hz, 2H), 6.79 (d, J •=■ 8.4 Hz, IH), 6.66 (d, J = 2.8 Hz, IH), 
6.60 (dd, J = 2.8, 8.4 Hz, IH), 5.9-6.2 (hr d, 2H), 5.16 (d, J[ = 2.0 H, 1 H), 3.49 (dt, J = 

20 2.0, 7.8 Hz, IH), 2.62 (dq, J = 2.0, 8.0 Hz, IH), 2.15 (m. IH), 1 .81 (m, IH), 1.42-1.65 (m, 
3H),1.29(m,lH). 



5 



Preparation of 




Stir a solution of Preparation 87 (0.052 g, 0.126 mmol) and paUadium(n) 
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Stir a solution of Example 1 (0,100 g, 0.354 nunol) and cesium carbonate (0.287 
5 g, 0-88 mmol) in DMF (4 mL) for 5 minutes. Add benzyl chloride (0.045 mL, 0.39 
mmol) and allow the solution to stir for 4 hours. Add saturated aqueous sodium 
bicarbonate and extract with ethyl acetate. Wash the combined extracts with saturated 
aqueous sodhim bicarbonate, water (2X) and brine, dry (sodium sulfate) and evaporate to 
provide a yellow solid. Purify the nesultuig solid by flash chromatography (silica gel; 0- 

1 0 15-30 eih^ acetate gradient in hexanes) to afford an inseparable 2:1 mixture of two 
intermediate monobenzyleOiers (0.062 g, 47%). ^HNMRofOiem^orbenz^ ether 
Preparation 89 (CP3OD): 7.46 (m, 2H), 7,38 (d, J « 8.0 Hz. 2H), 7.28-7.41 (m, 3H), 7.01 
(d, J=8.0 Hz, 2H), 6.72 (d, J=8.8 Hz, IH), 6.64 (d, J = 2.8 Hz, IH), 6,56 (dd, J = 2.8, 8.8 
Hz, IH), 5.1 1 (8, 2H), 5.02 (d, J = 22 Hz, IH), 3.47 (t, J = 8.4 Hz, IH), 2.63 (m. IH), 

15 2.16 (m, IH)*, 1.81 (m, IH). 1.62 (m. IH), 1.51 (m, 2H), 1.37 (m. IH). 

Pxample 26 
Preparatlqnpf 

f^-2-^4-hvdroxvphenvlV6-aminocaitonvl-cvclopentvircl3. 4 




racemte 



Stir a solution of the intemxediate benzjd eflxers fiom Preparation 89 (0.062 g, 
0.166 mmol) and cesium carbonate (0.108 g, 0.33 mmol) in DMF (4 mL) for 5 minutes. 
Add K-phenyl triflamide (0.089 g, 0.249 mmol) and allow the solution to stir for 4 hours. 
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Add saturated aqueous sodium bicarbonate and extract with ethyl acetate. Wash the 
ccmibined extracts witti saturated aqueous sodium bicarbonate, water (2X) and brine> dry 
(sodium sulfate) and evspnate to provide a yellow solid. Purification of the resulting 
solid by flash chromatography (silica gel; 0-10-20 ethyl acetate gradient in hexanes) 
5 yields an insepasrable 2:1 mixture of two mtermediate triflates (0.070 g, 84%). Stir a 
solution of the resulting triflamides and palladium(]I) bis(triphenylphosphine)-dichloride 
(0.003 g, 0.003S mmol) in DMF (0.42 mL) and hexamethyldisil^azane (0.12 mL). Add 
an atmospheric blanket of carbon monoxide and heat the reaction to 80 C for 16 hours. 
Allow the reaction to cool to room temperature. Add saturated aqueous sodium 

1 0 bicarbonate and extract with ethyl acetate. Wash fhe combined extracts with saturated 
aqueous sodium bicarbonate, water (2X) and brine, dry (sodium sulfate) and evaporate to 
provide a yellow solid Purify the resulting solid by flash chromatography (siUca gel; 0- 
50-80 ethyl acetate gradient in hexanes) to afford an inseparable 2: 1 mixture of 
carboxamides (0.021 g, 37%) as a white solid. Stir a solution of carboxamides (0.021 g, 

15 .051 mmol) and 10% Pd on carbon (0.005 g) in THF (4 mL) and MeOH (10 mL) under 
H2 (40 psi) for 4 hours. Purge with N2, then filter to afford a mixture of the desired 
Example 26 and Example 25, which are separated by HPLC. 

Examp^e27 

20 Preparation of 

n-2-f4-methoxvphenviV^hvdrQXv-cvclopentvirc13.4-di^^ 




racemlc 



Stir a solution of Example 1 (0.060 g, 0.21 mmol) and diisopropjdethjdamine 
2 5 (0.044 mL, 0.25 mmol) m MeOH (0. 1 mL) and acetonitrile (1 mL) for 5 minutes. Add a 
solution of trimeth}dsil}d diazometfaane (0.105 mL, 2.0 M in hexanes, 0.21 mmol)» and 
allow the reaction to stir for 16 hours. Concentrate the mixture to provide a light yellow 
solid Purify the resulting soUd by flash chromatography (silica gel; 0-10-20 ethyl 
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acetate gnidieDt in hexanes) to yield Example 22 (0.009 g, 14%), Example 27, (0*021 g, 
33%) as a y/bite solid, Example 7 (0.008 g, 9 %), and lecovered starting material (0.018 g, 
30%). NMR of Example 27 (CDCI3): 738 (d, J = 8.2 Hz, 2H), 6.92 (d, J - 8.2 Hz, 
2H), 6.79 (d, J = 8.4 Hz, IH). 6.66 (d, J = 3.2 Hz, IH), 6.59 (dd, J = 3.2, 8,4 Hz, IH), 5.06 
5 (d, J = 1.8 Hz, IH), 3.83 (s, 3H), 3.46 (dt, J = 2.4, 8.0 Hz, IH), 2.58 (m, IH), 2.13 (m, 
IH), 1.81 (m, IH), 1.36-1.70 (m, 4H). MS calcd 296.2; MS (M-1) 295.1. 



Cool a mixtms of Pteparation 55 (150 mg, 0.35 mmol) and THF (4 mL) to 0 ^C. 
Add mefhyl lifliiimi (1 .6 M in Et20, 0.31 mL) drop wise. Stir the reaction for 30 minutes 
and quench wiA saturated NH4CL Extract with EtOAc (2X), dty C^^a2S04), filter and 
concentrate in vacuo. Product of Preparation 90 is pure and is taken to the next step 
15 without further purification. HRMS calcd. 469.2202; found (dectrospray, M+Na) 



P^amp^c28 
PrcDaration of 

20 f%'2-methvi-2-(4-hvdroxvphemdV6>hvdroxv-K^^Ioi^ 



Preparation 90 




469.2205. 




n ■ 



To a solution of Pteparation 90 (60 mg, 0.13 mmol) in anhydrous me&anol (6 
mL) add p-toluenesulfonic acid (25 mg, 0.13 mmol) and heat the resulting solution to SO 
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for 18 houiB under mtrogen. Cool the leaction to ambient tenq)era^ 
vacuo and purify by flash chromatogr&qphy (10 g Si02» 40 mlAnin, 20 - 50% EtOAc/Hex 
for 23 minutes) to a£ford Example 28 (30 mg» 0 J mmol, 70%) as ayellow solid HRMS 
calcd- 296^1412; found (EI+) 296,1436. 



Preparation 91 




Cool a mixture of Pi:q)aration 55 (115 m& 0-27 mmol) and THF (4 mL) to 0 
Add EfMgCl (2.0 M in THP» 0.27 mL) drop wise. Stir the reaction for 30 minutes and 
quendiwifli saturated NILtQ. Extract wi&EtOAc(2X), dry (Na2S04), filter and 
concratrate in vacuo. Piuify by flash chromatogr^by (10 g Si02> 40 miymin, 0-30% 
EtOAc/Hex for 25 min and 30% BtOAc for 7 minutes) to yield Piq)aration 91 (95 m& 
77%) as a pale yellow oil. HRMS calcd 483.2359; found (electrospray, M+Na) 
483.2325. 

Example 29 
Preparation of 

f^2-edivl-244-hvdroxvphenvlV6-hvdroxv-cvclopent^rc13 ^ 



HO. 




To a soluticm of Preparatioa 91 (70 mg, 0.15 nunol) in anhydrous methanol (6 
mL) addp-toluenesulfonic acid (29 mg^ 0:15 mmol) and heat the resulting solution to 50 
^C for 18 hours under nitrogen. Cool the reaction to ambient tenq)erature, concentrate in 



wo 03/044006 



PCTAJS02/33622 



^105- 

vacuo and purify by flash chromatognvliy (10 g Si02» 40 mL^oain^ 10 40% EtOAc/Hex 
for 25 minutes) to afifoid Example 29 (40 mg, 0.13 ntinol» 87%) as a pink solid HRMS 
calcd 310.1569; found (BI+) 310.1578. 

5 Prq)aTation92 . 




Cool a mixture of Preparation 55 (115 m& 0.27 mmol) and THF (4 mL) to 0 ""C, 
Add i-PrMgCl (2.0 M in THF, 0.27 mL) drop wise. Warm the reaction to room 
10 tenipetature and stir overnigbt. (^encfaiwith saturated NH4CI, extract with EtOAc (2^, 
diy (Na2S04), filter and conceatxate in vacuo. Purify by flash chromatography (10 g SiOa 
, 40 mL/min, 0-30% EtOAc/ Hex for 25 min and 30% EtOAc for 7 minutes) to afford 
Prq^aration 92 (70 mg, 55%) as a pale yellow oiL HRMS calcd. 497.2515; found 
(electrospxay, M+Na) 497.2500. 

15 

Example 30 
Preparation of 

f+V2>-fl-methvlethvlV2-(4-hvdroxvDhen\dV6-hvdroxv^^vcl^ 

benzopvran 



HO 



20 




To a solution of Preparation 92 (60 mg, 0.13 mmol) in anhydrous methanol (6 
mL) add p-toluenesulfonic acid (25 mg, 0. 13 mmol) and heat the resulting solution to 50 
fin: 18 hours under nitiog^ Cool the reaction to ambient tenq>erature, concmtrate in 
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vacuo and purify by flash chzomatogn^hy (10 g SiOa* 40 mUwin, 10 - 40% EtOAc/Hm 
for 25 miiiutes) to afford Example 30 (32 mg, 0.1 mmol, 78%) as a pink solid MS calcd 
323.16; found (dectxospiay, M-1) 323.1. 

5 Test Procedures 

The competition ER binding assay was run in a buffer containing SO mM N-[2- 
hydroxyethyl]piperazine«NH2-ethanesnlfomc acid (Hepes) pH 7.5, 1.5 mM EDTA, 150 
mM NaCl, 1 0% glycerol, 1 mg/mL ovalbumin, 5mM DTT, 0.025 ixCi per well of ^H- 

10 Estradiol(NEN #NET517 at 1 18 Ci/mmol, 1 mCi/mL), and 10 ngAvell ERAlpha or 
ERbeta Receptor (PanVera). Competing compounds were added at 10 different 
concentrations. Non-specific binding was determined in the presence of 1 |iM of E2 (17- 
P Estradiol, Sigma, St Louis, MO). The binding reaction (140 |iL) was incubated for 4 
hours at room temperature, ften 70 of cold doEtran coated diarcoal (D^ 

15 added to each reaction (pCC bujGfer was prepared by adding 0.7Sg of charcoal [Sigma] 
and 0.2Sg of dratran[Phannacia] per SO mL of assay buffer). The incubation plates were 
mixed for 8 minutes on an orbital shaker at 4^C and then centrifuged at 3 ,000 rpm for 1 0 • 
minutes at 4^C. An aliquot of 120 |j1 of flie mix was transferred to another 96-weU, white 
flat bottom plate (Costar) and 1 75 pi of Wallac Optiphase Hisafe 3 scintillation fluid was 

2 0 added to each well. The plates were seded and then shakw vigorously on an orbital 
shaker. After an incubation of 2.5hrs, the radioactivity was counted in a WaUac 
Microbeta counter. The IC50 and percent inhibition at 10)iM were calculated. The Kd for 
^-Estradiol was detennined by saturation binding to ERa and QEtp receptors. The ICso 
values for conq)ound8 were converted to Kj values using the Cheng-Pnisoff equation and 

25 (he Kd values were detennined by saturation binding assay. Compounds of Examples 1-* 
30 are active in the assay as described. Tbe compounds of Table I bind to flie ERbeta 
recq>torwifliaKioflessthanlOOnM. Preferred conipounds bind to the ERbeta receptor 
wifliaKiOfIessthan20nM. More prefi»Tedconq)ounds bind to the ERbeta receptor 
wifliaKiOflesslhanlnM. Conopounds that are selective to buiding to the ERbeta 

30 receptor conq[>ared to tiie ER alpha recq)tor bind to fte ERbeta receptor wilha lower Ki 
compared to the Ki for the ER. alpha receptor. Pteforred selective ER beta con^unds 
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bind to ER beta receptor with a KiQBR alpha)/Ki^R beta) latio of greater fban 4 as shown 
in Table 1. 

Table 1: RfttiP gmm^ alpha/tCjfnM) PR1?eta 



Example 


Ki(iiM)ER alpha/ 
Ki(iiM)ERbeta 


1 


8.0 


2 


1.4 


3 


1.2 


4 


4.7 


5 


0.5 


6 


2.3 


7 


5.1 


8 


5.3 


9 


13 


10 


2.5 


11 


1.6 


12 


2.3 


13 


4.4 


14 


2.6 


IS 


11 


16 


1.4 


17 


1.9 


18 


3.8 


19 


2.0 


20 


0.6 


21 


4.6 


28 


4.6 


29 


1.3 


30 


1.4 
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IW^^ ^nmfln PCa Xenograft Assay 

ERbeta a^nists aie evaluated for llieir effects on ihp growth of androgen-seiisitive 
LNCaP human pzostatic canc^ (PCa) xenografts grown in intact sexually matine (5-6 
weeks old) H8d:AthymicNude-nu(Atiiymic Nude) 2.0x10^ LNCaP tumor 

5 cells are injected bilaterally by the subcutaneous loute into the pie-tracheal region of 
testicular intact male mice. Mice ara castrated via the scrotal route to seive as die positive 
control groiq). Test compounds are administered once per day by subcutaneous or gavagp 
administration at multiple dose levels in a volume of 0.2 ml to xenograft-bearing mice 
starting on the day following tumor injection. Test compounds are reformulated weekly 

1 0 based on average group mean body weights. The vehicle for these studies is 1% 
carboxymethyl cellulose (CMC) with 0.25% Tween 80. Body weigjhts and tumor 
measurements are recorded on a weekly basis and entered directly into a JMP™ (SAS; 
Gary, NC) spreadsheet from electronic caliper measurement Tumor volumes in mm^ are 
calculated in JMP using the following formula: L X W X H X 0.5236. Tumor and body 

15 weight responses for individual mice are recorded on a weekly basis. When LNCaP 

tumor volumes enter log-phase expansion, lesions are measured every 3-4 days. Growth 
rates are determined using linear modeling of the log tumor values and tune to treatment 
failure (tumor vol=1300-l 500 mm^) are determined using a linear extrapolation model 
(SAS; Cary, NC). Because of humane animal use considerations, animals are sacrificed 

2 0 when their tumor volumes approach 1200-1400 mm^. At necropsy, final tumor 

measurement and body weights are recorded and whole blood is obtained via cardiac 
puncture and allowed to clot on ice. Serum is trans&ned to qypnypriately labeled 0.5 ml 
Eppendoxf micro tubes^ and sao^les are stored at -80^C for bionuuter analyns. 

25 General Rat Preparation Piocedare 

Seventy-five day old (unless otherwise indicated) female Sprague Dawley rats 

(weight range of 200 to 225g) are obtained fitnn Charles River Laboratories (Portage, 

MI). The axumals are either bilateraUyovariectomized(OVX) or 

surgical procedure at Charles River Laboratories, and tiien shipped after one week. Upon 
30 arrival, they are housed in metal hanging cages in groiqps of 3 or 4 per cage and have ad 

libitum access to food (calcium content q>pn>ximately 0.5%) and water for ono wedc 
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Room temperature is maintained at 22.2<> ± l.T^C with a minimum relative humidity of 
40%. The photoperiod in &e room was 12 hours Hgjit and 12 hours dai^ 

Dosing Regimen Tissue Collection: After a one week acclimation period 
(dierefore, two weeks post-OV?0 daily dosing with a compound of fbnnula (I) CF-F) is 
5 initiated. 17o&-ethynyl estradiol or F-I is given orally, unless otherwise stated, as a 

suspension in 1% caiboxymeth^cellulose or dissolved in 20% cydodextriiu Axnmals are 
dosed daily for 4 d^. Following (he dosing regimen, animals are weighed and 
anesthetized with a ketamine: Xylazine (2: 1 , v:v) mixture and a blood sample is collected 
by cardiac puncture. The animals are ften sacrificed by asphyxiation with CO2, the 
1 0 uterus is removed through a midline incision, and a wet uterine weight is detemiined. 
17a-ethynyl estradiol is obtained fiom Sigma Chemical Co.^ St* Louis, MO. 

Cardiovascular Disease/Hvperlipidemia 

The blood sanq)les fix>m above are allowed to clot at room temperature for 2 

1 5 hours, and smim is obtained following centrifugation for 1 0 minutes at 3000 ipm. Serum 
cholesterol is determined using a Boehringer Nfannheim Diagnostics high performance 
cholesterol assay. Briefly the cholesterol is oxidized to cholest'4-en-3-one and hydrogen 
peroxide. The hydrogen pax»xide is then reacted with phenol and 4-aininophmazone in 
die presence of peroxidase to produce a p-quinone imine dye» vrbich is read 

20 spectrophotemetricallyat500nnau Cholesterol concentration is then calculated against a 
standard curve. The entire assay is autormited using a Biomek Automated WorkstatioiL 
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Uterine Bosinophil Peroxidase fEPO^ Assay 

The uteri fix>m above are kqpt at 40c TOt^ Theuteri 
are then homogenized in SO volumes of 50 mM Tris buffer (pH 8.0) containing 0.005% 
Triton X-1 00. Upon addition of 0.01% hy±t)genpm>xide and 10 mMO- 
5 phensdenediamine (final concentrations) in Tris buffer^ increase in abscnbance is 
monitored for one minute at 450 nm. Hie presence ofeosinophils in the uterus is an 
indication ofestrogenic activity of a coiiq)oiind. The maximal velocity of a IS second 
interval is determined over fhc initial, linear portion of tiie reaction curve. 

10 Inhibition of Bone Loss (Osteoporosis^ Test Procedure 

Following the general prepamtion procedure described above, the rats are treated 
daily for thirty-five days (6 rats per treatment group) and sacrificed by carbon dioxide 
asphyxiation on the 36th day. The thirty-five day time period is sufficient to allow 
maximal reduction in bone density^ measured as described herein. At the time of 

1 5 sacrifice, the uteri are removed, dissected firee of extraneous tissue, and the fluid contents 
are expelled before determination of wet weight in order to confirm estrogen deficiency 
associated with complete ovariectomy. Uterine weight is routinely reduced about 75% in 
response to ovariectomy. The uteri are then placed in 10% neutral bufieredfonnalin to 
allow for subsequent histological analysis. 

20 The right femurs are excised and digitilized X-rays g^ierated and analyzed by an 

image analysis program (NIHima^) at the distdmetaph]^ The proximal aspect of the 
tl>iae fix)m these animals are also scanned by quantitative CQnq)utedtomogr^ In 
accordance with the above procedures, F-I or ethyn^ estradiol CEE2) in 20% 
hydroxypropyl P-^lodextiin are orally administered to test animals. 

25 

Therapeutic Mefliods of Use and Dosages 

Various diseases and conditions described to be treated herein, are well known and 
appreciated by those sldlled in the art It is also recognized that one skilled in tbe art may 
affect the associated diseases and conditions by treating a patient presentiy af&icted with 
30 the diseases or conditions or by prophj^actically treating a patient afSicted with the 
diseases or conditions with a therapeutically efifective amount of the compounds of 
formula (]). 
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As usedherein^ the tma ^'patient" refers to a warm blooded asixnal nuchas a 
tnamnial that is afOicted wifh a particular estrogen receptor-beta mediated disease. It is 
understood tbat guinea pigs» dogs» cats, rats, noice, horses, cattle, sheep, and humans are 
exanq^les of animals widiin dxe scope of tihe meaning of the term. 
5 As used herein, the teem '^therapeutically effective amount'* of a compound of 

formula (J) refers to an amount which is effective in controlling diseases and conditions 
associated wifh estrogen receptor-beta mediated diseases such as prostate cancer, benign 
prostatic hyperplasia, testicular cancer, cardiovascular diseases, neurodegenerative 
disorders, urinary incontinmce, CNS disorders, GI tract disorders, and osteoporosis* The 

10 term "controlling" is intended to refer to all processes wherdn there may be a slowing, 
interrupting, axresting, or stopping of the progression of the diseases and conditions 
described herein, but does not necessarily indicate a total elimination of all disease and 
condition symptoms, but does include prophylactic treatment of the diseases and 
conditions associated witibt estrogen receptor-beta mediated diseases such as prostate 

1 5 cancer, benign prostatic hyperplasia, testicular cancer, cardiovascular diseases, 
neiirodegenerative disorders, urinary incontinence, CNS, GI tract disorders, and 
osteoporosis. • * 

A therq)euticdlly effective amount can be readily determined by ttie attendiqg 
diagnostician, as one skilled in the art, by the use of conventional techniques and by 

2 0 observing results obtained under analogous circumstances. In determining the 

tiierapeutically effective amount, the dose, a number of fectors are considered by ttie 
attending diagnostician, including, but not limited to: the spedes of mammal; its size, age, 
and general health; the specific disease involved; the degree of or involvement or tiie 
severity of Ae disease the response of the individual patient; the particular compoimd 

2 5 administered; the mode of administraticm; the bioavailability (diaracteristic of ttie 

preparation administered; the dose regimen selected; the use of ccncomitant medication; . 
and other relevant circumstances. 

A therq)eutically effective amount of a compound of formula (T) is ^xpectoi to 
vary from about 0.001 milligram per kilogram of body weig^ per day (mg^day) to 

3 0 about 100 m g/kg/ day. Preferred amounts can be determined by one skilled in the art 

hi effecting treatment of a patiait afflicted with the diseases and conditions 
described above, a compound of formula (I) can be administered in any form or mode 



wo 03/044006 



PCTAJS02/33622 



-112- 

^ch roakes ^ compound bioavailable in a therapeutically effective amount^ including 
oral, inhalation, and parenteral routes. For exanq>le, compounds of fimnula CO can be 
administered orally, by inhalation of an aerosol or dry powder, subcutaneously, 
intramuscularly, intravenously, transdennally, intranasally, rectally, tcqpically, and ttie like. 
5 Oral or inhalation administration is ^erally preferred for treatment of resfpiiatoiy 
diseases, e.g. asthma. One skilled in tiie art of preparing formulations can readily select 
the proper form and mode of administration depending upon the particular characteristics 
of tibe compound selected, the disease or condition state to be treated, the stagp of tiie 
disease or condition, and other relevant circumstances. (Remington's Pharmaceutical 

1 0 Sciences, 1 8th Edition, Mack Publishing Co. (1990)). 

The compounds of tiie present invention can be administered alone or in the form 
of a pharmaceutical composition in combination with phannaceutically acceptable 
carriers, or excipients, the proportion and nature of which are detennined by the solubility 
and chemical properties of the compound selected, the chosen route of administration, and 

15 standard phaixnaceutical practice. Hie compounds of the present invention, while 
effective tiiemselves, may be formulated and administered in the fonn of their 
phannaceutically acceptable salts, such as add addition salts or base addition salts, for 
puiposes of stability, convenienoe of ciystallization, increased solubility and the like. 
In anotiier embodiment, the present invralion provides pharmaceutical 

20 conqpositions comprising a thenqpeutically effective amount of a conq>ound of fonnula (I) 
in admixture or otherwise in association witii one or more phaimaceutically acceptable 
carriers or excipients. 

The pharmaceutical conq)ositions are prepared in a manner well known in tiie 
pharmaceutical art. The carrier or excipient may be a solid, semi-solid, or liquid material, 

25 wfai(^ can serve as a vdiicle or medium fertile active ingredient Suitable caniers or 

excipients are well known in die art The phannaceutical composition may be adapted for 
oral, inhalation, parenteral, or topical use and may be administered to the patient in the 
fonn of tablets, c^sules, aerosols, inhalants, suppositories, solution, suspensions, or the 
Uke. 

3 0 The compounds of the present invention may be administered orally, for example, 

with an inert diluent or witii an edible carrier. They may be enclosed in gelatin capsules 
. or compressed into tablets. For the purpose of oral theiapeiitic administration, the 
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compounids may be incoipozated with excq)iaits and used in the foim of tablets, trochfis, 
capsules, elixirs, suflpensions, syrups, wafes, chewing gums and the like. These 
preparations should contain at least 4% of the compound of ttie present invention, the 
active iogredient, but may be varied dqiending iqion the particular form and may 
5 conveniently be between 4% to about 70% of the weight of the unit Ibe amount of the 
compound piesent in compositions is such diat a suitable dosa^ will be obtained 
Preiened compositions and preparaticms according to the present invention may be 
detenninedby someone skilled in the art 

The tablets, pills, capsules, troches and the like may also contain one or more of 

10 the following adjuvants: binders such as microcrystalUne cellulose, gum tragacanth or 
gelatin; excipients such as starch or lactose, disintegrating agents such as alginic add, 
Primogel, com starch and the like; lubricants such as magnesium stearate or Steiotex; 
glidants such as colloidal sihcon dioxide; and sweetening agents such as sucrose or 
saccharin may be added or a flavoring agent such as peppermint, metfa)4 salicjdate or 

1 5 orange flavoring. When the dosage imit form is a capstile, it may contain, in addition to 
materials of the above type, a liquid carrier such as polyethylene glycol or a &tty oil. 
Ottier dosage unit forms may contain other various materials that modify the physical 
form of the dosage unit, for example, as coatings. Thus, tablets or pills may be coated 
with sugar, shellac, or oth^r enteric coating agoiits. A synip may contain, in addition to 

20 the present conqxnmds, sucrose as a sweetenii^ agent and certain preservatives, dyes and 
colorings and flavors* Materials used in prepariz^ these various conqpositions should be 
pharmaceutically pure and non-toxic in fte amounts used 

For the purpose of parenteral thenqpeutie admimstration, flie compounds of the 
present invention may be incorporated into a solution or suspension. These preparations 

25 should contain at least 0.1% of a compound of the invention, but may be varied to be 
between 0.1 and about 50% of the weigjht Amof. The amount of Uie compound of 
formula 00 present in such conipositions is such that a suitable dosage will be obtained 
Preferred compositions and preparations are able to be determined by one skilled in the 
art 
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The coDq)ouiids of the present invention may also be administered by inhalation, 
such as by aerosol or dry powder, Delivecymaybebyaliquefiedorconqsressedgpsorby 
a suitable puznp system diat dispenses &e compounds of the present invention or a 
formulation tiiereof. Foimuktionsforadministrationbyinhalation of compounds of 
5 formula (Q maybe delivered in single phase^ bi-phasic, or tri-phasic systems. A variety of 
systems are available for the administratis by aerosols of the compounds of formula (I). 
Dry powder fonnulations are prepared by either pellctizing or milling tiie conq)ound of 
fonnula ® to a suitable particle size or by admixing the pelletized or milled compound of 
formula (1) with a suitable carrier material, such as lactose and the like. Delivery by 

1 0 inhalation includes the necessary container, activators, valves, subcontainas, and the like. 
Preferred aerosols and dry powder fonnulations for administration by inhalation are able 
to be determined by one skilled in the art 

The conqjounds of tiie present invention may also be administered topically, and 
when done so the carrier may suitably comprise a solution, ointment or gel base. The 

15 base, for example, may comprise one or more of the following: petrolatum, lanolin, 
polyethylene glycols, bee wax, mineral oil, diluents such as water and alcohol, and 
emulsifiers and stabilizers* Topical formulations may contain a concentration of the 
fonnula (I) or its pharmaceutical salt fiom about 0.1 to about 10% w/v (wei^ p» unit 
volume). 

2 0 The solutions or suspensions may also include one or more of tiie following 

adjuvants: sterile diluents such as water for injection, saline solution, fixed oils, 
polyetii>4eDe glycols, glycerin, propylene glycol or otiier syntiietic solvents; antibacterial 
agents such as benzyl alcohol or meth^ paraben; antioxidants such as ascorbic add or 
sodium bisulfite; chelatmg agents such as ettijiene diaminetetraacetic add; bufiers such 

25 as acetates, dtrates or phosphates and agents for the adj ustment of toni dty such as sodium 
diloride or dextrose. The parentersdprq>aration can be enclosed m ampules, disposable 
syringes or multiple dose vials made of glass or plastic. 



30 
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WECX.AIM: 

1. Aconq;K>imdofflief(nmu]aI 




(0 

or a compound of fommla n 




10 (D) 
wherein 

R', R* and R*, are each indepcndeatly -H, d-Q eJkyl, -OH. d-Ce alko(xy, 
halo, amido or -CFj; 
R' is hydrogen or Ci-C6 att^ 
15 Y', and are each indq)aideD% -H or d-d aSkyU and G is -CHj-, -CHr 

CHr, or -CH2-CHa-CHr ; 
or a phannaceutically acceptable salt thereof. 



20 
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A co^^)oulld of the finmula I 




1 



O-Y 



wherein 

R\ R^, and aic each independently -H. Ci-Ce alkyl, -OH, Ci-Ce alkoxy, halo, or 
-CF3; 

R^ is hydrogen or Ci-Q alkyl; 

Y^ Y\ and are each independently -H or Ci-C^ alkyl; and G is -CH2-, -CH2- 
CHr, or -CH2-CHa-CH2S 
or a pharniacentically acceptable salt thereof. 

3. A compound of the formula n 



wherein 




(0) 



K\ R^ R^ and R*, are each indepradently-H, Q-Ce alkyl, -OH, Cj-Q alkoxy, 

halo, amido or -C^y, 

R^ is hydrogen or aDcyl; 

and Y^ are each indqpendenfly -H or Ci-Ce aHqrl; and Q is -CSEfc-, -CH2-CH2-, 
or -CH2-CH2-^CH2- J 
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or apharmaceutically acceptable salt Aereofl 

4. A confound accordixig to Claim 1 , 2 or 3 herein O is 

5. A confound according to rilher of Clainu^ 1 tbioii^ 4wlia?emY^aiidY3 
are both--H. 

6. AcompomidaccotdingtoanyofQaiins 1 fhn>ug^S ^ei^ 
ofRlandR^is^a 

7. A compound according to any of Claims 1 through 6 wherein r3 is -H, 

8. A compound according to any of Claims 1 » 2» or 4 througih 7 wherein is 

9. A compound according to Claim 4 wherein one of and R^ is -OH and 
the other is -H. 

10. A conqpound of formula m 




on) 

whmin 

Rlais-H,"OH,or.F; 
R2a is -H, -CH3. or -OCH3; 
R3ais-Hor-CH3; 

G is -CH2-, -CH2-CH2-, or <H2-CH2-CH2-; 
or a phannaceutically accqytable salt ttieieof. 
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11. AcoiiqiomdofaccoidixigtoanyofQaiins I>2or4throiig)bi9whcreinthfi 
compoiindis of Ihe formula IB or IC: 




O-Y' 




0-Y^ 



(IB) 



(IC) 



or a pharmaceutically acceptable salt ^Dexeof. 



12. A compoimd of according to any of Claims 1, 2 or 4 through 9 wherein the 
compound is of the formula ID or IE: 





(ID) 



(IE) 



or a phannaceuticaUy acceptable salt tha:€o£ 



10 



13. A compound acconling to Oaimsl or 2 wheiein tbe oon^und is of the 
formula: 




racemic 

15 or a pharmaceutically accq[)table salt or enantiomer thereof. 
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14. A compound according to Claim 13 wfaejdn the coxqpouDd is an (2S, 3R, 
4S) enantiomer of Ihe fimnula 




or a pharmaceuticaUy acceptable salt thereof. 

5 

IS. A CQmpound according to Claim 13 wherein the compound is an (2R., 3S, 
4R) enantiomer of the formula 




9 



or a phamiaceutically acceptable salt theteoC 

10 

16, A conqpound according to Claims 1 or2 whereintfaeconipoimdisoftiie 
formula: 




racemic 

15 or a pharmaceutically acceptable salt or enantiomer thereof. 
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17. A compound according to Claims 1 or 2 wherein fhe compomid is of the 



formula: 




racemic 

or a phannaceutically acceptable salt or enantiomer thereof. 



1 8. A compound according to Claims 1 or 2 wherein fhe compound is of the 



formula: 




racemic 

or a phannaceutically acceptable salt or enantiomer thereof. 



19. A compound according to Claims 1 or 2 wherein the compound is of the 



formula: 




racemic 

or a pharmaceutically acceptable salt or enantiomer thereof. 
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20. AcompoiiDdacocmlingtoClain^ 
fonnula: 




9 



racemic 

or a pharmaceuticaUy acceptable salt or enantiomer thereof. 

21. A compound according to Claims 1 or 2 wherein the compound is of fhe 
fonnula: 




9 



racemic 

or a pharmaceutically acceptable salt or enantiomer thereof. 

22. A compound according to Claims lor 2 wherein the compound is of the 
fonnula: 




racemic 

or a pharmaceutically acceptable salt or enantiomer thereof* 
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23. A coixq)oimd according to Claims 1 or 2 wherein the compound ifi of the 
fonniila: 




racemic 

5 or a pharmaceutically acceptable salt or ^lantiomer hereof. 

24. A compound according to Claims 1 or 2 wherein die compoimd is of die 
formula: 




10 racemic 

or a phantnaceutically acceptable salt or oiandomer diereof . 



15 

25. A compound accoidingto Claims 1 or 2 wherein die conq>ound is of the 
formula: 




20 racemic 

or a phannaceutically acceptable salt or eoantiomer thereof. 
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26. A compound according to Qaim 1 wherein the compound is of the 
fonnnla: 




9 



lacemic 

or a phannaceutically acceptable salt or enantiomer hereof. 

27* A compound according to Claims 1 or 2 wherein the compound is of the 
foimula: 




9 



racemic 

or a pharmaceutically acceptable salt or mantiomer thereof. 

28* A compound acconjUoig to Claims 1 or 2 wherein the compound is of the 
fimnula: 




nicemic 

or a pharmaceutically acceptable salt or enantiomer thmof. 
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29. A compound according to Claims 1 or 2 wherein the ccnnpoinid is of flie 
formula: 




racemic 

or a pharmaceudcally acceptable salt or enantiomer thereof. 



30. 

fonnula: 



A compound according to Claims 1 or 2 wherein the conqiound is of the 




racemic 



or a pharmaceutically acceptable salt or enantiomer thereof 

31. A compound according to Qaims 1 or 2 wherein the compound is of flie 
fonnula: 




racemic 

or a pharmaceutically acceptable salt or ^lantiomer thereof 
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32. A<x>mpoiindaccon]ingtoClaiin8l Qr2whe^^ 
ibnnula: 




lacemic 

or a phannaceutically acceptable salt or enantiomer thereof. 

33. A con^imd according to Claims 1 or 2 wherein &e compound is of the 
foimiila: 




racemic 

or a phannaceutically acceptable salt or enantiomer thereof. 



34. A con)pomid according to Claim 1 vli^ein the compoimd is of Ae 
fisnnula: 



OH . 



racemic 



or a pbannaceuticaUy acceptable salt or enantiomer (bcteof. 
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35. Acon^oimdaccordmgtoClaims 1 or2 wheremthecoxxqpoiindisoffhe 
fonnula: 




OH. 



lacemic 

or a pharmaceutically acceptable salt or enantiomer thereof. 

36. A compound according to Claims 1 or 2 wherein the c(XDipoiind is of the 
formula: 




9 



or a pharmaceutically acoqptable salt or enantiom^ thereof. 
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37. A cdnq)OT]iid accordii^ to Claims 1 or 2 wherexn the compound is of the 
formula: 




or a phaimaceutically accq}table salt or enantiomer (hereof. 
38. A compound of formula IV 




(IV) 

wh^^ 

Rib 

is amido hydroxy; 
R2bis-H,orCi-C6alkyl; 

R3bis-HorCi-C6alkyl; 

R"*** i8anudoar l]ydioxy;aiid 

G is <H2-, -CaEfcC%-, -CaH2CaE?2CaEJij-; 

or a phannaceutically acceptable salt thereof. 



wo 03/044006 PCr/US02/33622 

-128' 

39. A CQmpound according to Claim 1, 3 or 38 wherein the conspami is of 
Ihe formula: 




raoemic O 



or a pharmaceatically accqptable salt or enantiomer thereof. 

40. A compound according to Claim 1 , 3 or 38 wherein the compomid is of the 
formula: 




racemic O 



or a pharmaceutically acceptable salt or enantiomer thereof. 

41 . A compound accordmg to Claim 1, 3 or 38 wherein flie compound is of flie 
formula: 




racemic 

or a pharmaceutically acceptable salt or enantiomer thereof. 
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42. A coirq)ound acc<mlmg to Claims 1 or 2 wheiein 
formula: 




recemlc 

or a pbaimaceutically acceptable salt or enantiomer thereo£ 



43 . A compound according to Claims 1 or 2 wherein the compomid is of the 
formula: 




raoemic 

10 or a pharmaceutically accq)tabl6 salt or enantiomer thereof 



44. A compound according to Claims 1 or 2 whmin the con^und is of die 
fbnnula: 




15 raoemic 

or a pharmaceutically acceptable salt or enantiomer thereof 
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45. A compound according to Claims 1 or 2 wherein the conq)oiind is of ^ 
foxmula: 




racemic 

or a pharmaceuticaUy acceptable salt or enantioma: thereof. 

46. A compoimd selected fiom the group conqnising: 

a) (l)-2-(4-hydroxyphenyl)-6-hydr0xy-cyclopentyl[c] 
l-benzopyran 

b) (4>.2-<4-hydn>xyphenyl>6-trifluorometh)4-<5yclo^^ 
dihydro-2H-l -benzopyran 

* c) Cl>-2-(4-bydroxyphenyl>6-meth0-cyclop«itylM 
1-benzopyran 

d) (i)-2-(4-hydroxyphenyl>6-fluoro-cycl(q>eiit^^ 
. benzopyran 

(i>2-(4-hydroxypherij4)-5-hydroxyKsyclopentyl[c]3,4"^ 
1-benzqpyran 

f) (f)-2<4-hydroxyphenyl)-7-hydtoxyKgn(jlopeatyl[c]3,4-^ 
1-benzopyran 

g) (f)-2-<4-hydroxyphenyi)-6-hydroxy-8-methyl-c^ 
dihydn>-2H-l-benzopyran 

b) (i)-2-(4-hydroxjphenyi)-6-hydroxy-cyclohe^ 
l-benzopyran 

i) C!>2-<4-hydroxyphenyl>^hydro3Qr-8-mefhoxy-<q«5l<^^ 
dihydro-2H-l-benzopyran 

j) (±)-2-(4-hydroxyphen3d)-6-hydraxy^l 1,1 1-dimefliyl- 
cydopen^l[c]3,4-dihydn>-2H-l-benzopyraii, 
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k) (i>2-(4-hydroxyphenyl)-6-h3^3qr-1141-die^ 

cyclopentyl[c]3,4-dihydzx>-2H-l -benzopyran, 

1) Ci>-2-(4-hydroxyphen>d)-6-methoxy<ydoi^ 

l-benzopyran, 

m) Cl>2-(4-hydroxy-3-meth3iphenjd)-6^^ 
dihydro-2H-14)enzoiyyraii, 

n) CiO-2-<2-iiieth^-4-hydioxypheayl)-6-hydro3^=^^ 
dihydn)-2H-l -benzopyran, 

o) Ct>2-<4-hydioxyphen)i)-cycIopen1yl[c]3,4^^ 
b^Dizopyraii, 

P) (i>-2-(4-hydroxyphen>4>6-hydK)xy-7-me1iiyl-<:y^^^ 
dihyciro-2H-l*benzopyra3i, 

q) (i)-2-<4-hydroxyphenyl)-6-hydioxy-<jyclohexyi[c]3,4^ 
l-benzopyran, 

r) CO-2-(4-melhoxyphenyl)-6-methoxy-^yclopentyl[c]3,4-di 
2H-l-benzopyran, 

s) (+)-2-(4-aminocarbonjiphenyl)-6-aminocarbonyi- 

cyclopentyl[c]3,4-dihydio-2H-l-benzopyraii, 

t) (4^2-(4-ammocarbonyiphenyl)-6-hy(froxy-^c^^ 

dihydro-2H-l-beQZOpy]:an, 

^) (i)-2-(4-hydn)xyphenyl)-6-amiiK)caite 

cliliydn>-2H-l-benzopyran, 

v) (+>2-<4-methoxyphehyl)-6-hydroxy'<^ope^^ 
l-beiizop3TOii» 

w) tt3-2-meA54"2-<4-hydi0xypliciiyl)-^^ 

d]hydn>-2H-l-benzopyran» 

x) C!D"2-«thyl-2-(4-hydro3q^nyl)-6- 

d9iydi:o-2H-l-beD2X)io^ 

y) Cf>2-<l-methyle%l)-2-(4-hydroxyphmyl>^^ 
cyclopent;^[c]3»4^iibydio-2H-l-benzopyran 
a pbaxiuaceiitically acceptable salt or eoantiomer thereof. 
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47* A pharmaceutical composition comprising a compound of according to any 
of Claims 1 through 46 and a phaimaceutically acceptable carrier. 

48. A metibtod of selectively binding to estro^ receptor beta in a patient in 
need dieteof ccnnprising administering to said padent a therq)eutically effective amount 
of aconq>oundofanyof Claims 1 dn:ou^46. 

49. A method of treating a patient afOicted with an estrog^ receptor beta 
mediated disease condition comprising administering to said patient a thenq)eutically 
efTeotive amount of a compound of any of Claims 1 through 46. 

50. A method oftreating prostate cancer in a patient m need thereof 
comprising administering to said patient a therapeutically effective amount of a 
compound of any of Claims 1 through 46. 

5 L A method according to any of Claims 47» 48, 49 or SO wherein said patient 
is a human. 

52. A phamiaceutical composition comprising a compound of according to any 
of Claims 1 througjb 33 and a pharmaceutically acceptable carrier. 

53. A method of selectively binding to estrogen receptor beta in a patient in 
need thereof comprising administering to said patient a tiierapeutically effective amount 
of a compound of any of Claims 1 through 46. 

54. A method of treating a patient afflicted with an estrogen receptor beta 
mediated disease condition conqnising administering to said patient a tberapeutically 
effective amount of a compound of any of Claims 1 dm>u^ 46 . 

55. Amediod of treating prostate cancer in apatient in need thereof 
comprising adminiat^g to said patient a 1herq)eutically effective amount of a 
conqpound of any of Claims 1 through 46. 
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56. A method aocoiding to any of Claims 35, 36, or 37 wherein said patient is 
a human* 
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